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ERRATUM. 
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PREFACE TO THE FIRST EDITION. 

(Anatomy only.) 

la a Learner'g point of Tlew Sofentlflo fkota maj, the Anthor thinkf, bo diylded Into thoM wbloh 
•v» daily met with by the Stndent^ and which soon beoome familiar to him, and thoee whioh are 
learned with oonsiderable pains and afterwards easily forgotten , and whioh require to be oonstantly 
ffeoalled to the mind« ^ 

The Anthor has endeavonred to deal with the latter olass of fikots only. What etery one imowiy 
WHO has at all studied Kedioine, he has purposely left out. Greater oondensation is thus obtained. -» 
To the non-medioal reader the Tablets may appear disoonneoted, and the desoriptions they oontaia 
(if descriptions they maybe called) may seem dry and naked. The Anthor belieres that the Student 
will easily supply tiie links, and giro life and shape to the skeleton sketohes. 



This book is intended neither for the idle, nor for absolute beginners. The idle will find that ft 
contains more details than they will oare to master, and that its brerity demands more mental appli* 
cation than would be agreeable to any one, whose mind has not been trained to close study. 

"^ Beginners, howerer, who mean to work, may, after attending a lecture, or reading up in one of 
the Standard Authors a region they haTe just been dissecting, adyantageously rcTise the snlqect in 
the Tablets; and these partial rerisions will be found to fix the main points in the mind, and to 
f^ilitate the more important reTisional effort, which, eren the first year's student is usually oalled 
upon to make, whencTer his lecturer hat finished doscribiiig a part, or ha himself has finii^ed dis* 
seeling one. 

The more or less adrsnoed Students, who are doing, or hare done, their work honestly and con. 
soientiously, are the ones the Author has had mainly in yiew. 



16, WoBUHN Placs, Rusbbll Squabb, 

September, 1875, 
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PREFACE TO THE SECOND EDITION (1878). 

(Anatomy and FhjrBiologyO 

In the preieat SdittoD, only those pugnbATe been reoast^ wbiob were oonsiderablyonfc of date; the 
otbers, wben requiring alteration, bave simply been sapplemented by an Appendix^ wbiob bas beea 
incorporated with tbe worlc, as far, at leasts ai ooald well be done witbont inyolying conaidenbble 
book.binder's labonr. Tbe pages of tbia Appmidiz bave been marked 8^, 8», 12a, 12», 12c, etc., in oorre- 
spondenoe with tbe pages they are intended to sapplement or correct; and its headings bare been 
uudtrlined red^ to call attention to tbe new matter. 

A fresh Appendix containing new discoveries of importance will be pnblisbed every two or three years. A ad 
every sncoeeding Appendix wtu bo Issned both separately and incorporated with the work. 

Tbe present Appendix to the Anatomy refers to the Viscera^ ft to the Organs of the Senses. It 
has been inserted after pages 290, ft 360. Dr. Ctowers* new desoription of the Gh^y Matter of the Oerebellnm, 
and the views of Lookhart Clarke, StiUtng, and others on the cranial nerves, etc., will also be foimd on 
pages SIS, S30, ft 250, of the text. Descriptions of the Tbymns ft Thyroid Bodies and Suprarenal Cap- 
sules have been added ; also a caref ol desoriptioD of the Teeth. 

In tbe Physiology, new matter is more abundant : The Appendix nambers forty pages. Twelve 
supplement Circulation; four, Bespiration; eight, Digestion; four, the General Development of the 
Embryo; eight, the Development of the Organs; and four are included under the heading** Addenda." 
- The two aspects of Physiology, the old ft the new, are thus, to a certain extent, placed side by side. 
Tbe latter parts of the work,— Nervous System, the Senses, and the greater part of Embryology, — having 
been re-written very recently, are not, for the present, supplemented. 

The Embryology will be found fairly complete ft op to date. Both the older ft tbe more modern views 
Lave been presented with respect to tbe Pharynx, GEBsophagns, ft Bespiratory Tract^ and with respeot to 
the questions arising out of the disputed homologies of the Genital Ducts. A few divisions have been 
introduced into the study of some of the subjects. 

The Histovy of the development of the Bones ft Teeth concludes the volume ; - the former subject 
being divided into two parts, Skeletal Matrix, and Ossification of the Individual Bones. 

The diagrams representing the deyelopaent of the veins aife after those of Dr. Dalton of New York, 
who has treated the subject most skilfully ft completely .* They hare been engraved by Mr. W. Gibbs of 
Fleet Street. 

Histology ft chemical physiology will be treated in a separate volume. 

ANATOMY ft PHYSIOLOG Y COMPLETE - By this phrase it is simply meant that all tbe subjects 
baye been treated, which appeared susceptible of being treated advantageously in the Tabular form : - " Tna 
Leamei^s point ofview^ Scientific facts may be divided into those which are daily met with by the Student, and which 
soon become familiar to him, attd those which are learned with considercdde pains ^ afterwards easUy for^olien^ 
and which require to be constantly recalled to the mind. The Author has ewUavottrod to deal xvith (he LATTca 
Class ot Facts Onlt." (Y. Prefaoe to tbe Furst BdiMon). 

• J. C. Dalton - Treatise of Human Physiology, Philadelphia, 1871, ft 76. 



TABLE OF 



(2ireillation - Phj^cal prapertiefl of the blood { [QoAi^iy of blood in the bodj, 4. Strttoltiural ohanotin 
of the blood, 6. Goagiuation of the blood, 6. Chemioal comporitionof the blood, 7. The aotioB of tlk« 
heart, 8. Cause of the aotion of the heart, 9. The eonnds of the heart, 10. Strnoture of the orterioi^ 
11. Arterial oiroalation, IS. The pnlae^ 18. The atrootim of veiae, 14. VenooB oiroalation, 15. 
The oapUlories, 18. CapQlory ohrcnlation, 17. AUantoid, or plooental foetal oiaoulation, ISL 



Appendix to Oirqalation - The TiaJblemorementa of the heart t The three pixuiineerted into the haftrt| 8a. 

RcsiBtration ot the beats, and of the Toriations of intra*aarioiilar ft intra-Tontrioalar preesnre | The 
work done by the heart, 8>. Sohemaiio oiroalation, 12K Seoondory sohemaUo waves, ft •eoondoxy 
pnlse. wares, 12b. Effects of Taso-motor aotion, 12o. Local yaso-motor meohaaisms, U^. Ooogn- 
lation of the blood ; fibrin-faotors, 7^, 7b, 7o, 7b. Coogatation in the blood-yessels, 7"» 

SespiXBtioil - Mechanism of respiration, 20. The act of breathing, 21. Changes of the air in respiration, 22. 
Changes of the blood in respiration, 23. A^hyxia. — Death by drowning, 24 Sffeots of OTUOrowd* 
ing, and of breathing impore air, 2S. 

Appendix to Respiration - The respiratory centre, 20a. Respiratory ft raso-motorial undulations of 
the blood-pressure carYe||12B. Asphyxia, 24 ft 26^. 

JLoimal Heat *- 28. Conditions which modify the temperaiore of the body, 29. The soitroe of aainial 
heat, ao. laflnenoe of the nerrons system over the prodnctioii of animal heat, 31. 

ngestlon - The proiimate organic principles of food, 84. Food: what, and how mnch required, 36. The 
saliva, 36. Deglutition, or the act of swallowing, 37. The gastric juioe^ 38. Digestion in the stoniaoh, 
or gastric digestion, 89. The agents of the intestinal digestion : bile, pancreatic juice, ft intestinal 
fluid, 40. Intestinal digestion, 4L The functions of the spleen, 42. The functions of the liver, 43. 
The secretion of bile, 41 The uses of bile, 45. The amyloid substance, 46. History of the <* Qlyoogenio 
function" of the Urer, 47. 

Appendix to Digestion. 

Aotire principles, or ferments, of the saliva and gastric ft poncreatio luioes. Chemical oonsti* 
intion of the starch-corpuscle: Erythrogronulose ; Erythrodeztrin, ft Aehroodeztarin. Aotioa of 
dilute adds upon starch; Action of salira upon starch ; 36^. 

The free add of the gastric juice. Parallel between the action of dilute adds ft that of gastric 
pdoe upon the albumindds s Further remarks upon the solutions and neutralisation precipitates; 38^ 

Digestireprotdd metabolism, or proteolysis-i-yiews of Bruoke, Keissner, ft KiUine j BeepeotiTe 
shares of aotion, in peptio digestion, of the hydrochloric add, ft of the pepsin i 38b. 

The actiTO prindples of pancreatic juice; Variations in the composition of pancreatic joioe; 
IVyptic or ponoreatio digestion of the albumindds compared with the peptio or gastric^ 4(K 

Bile pigments ; Bile salts, or bilin j Action of the bile on food. Intestinal fluid. The digestion 
of milk. Mechanisms which gorem the secretion of the dig^stire juices ; 40b. 

Intimate phenomena of the oot of Secretion. — Zymopii,Trypsinogen ; 40o. Gastric glands.— 
Pepsinogen. SoliTory glands— Ptyalogen ; 36 ft 88a. 

AbeOipAion - Lymphatics ft locteals, 60. Lymph ft Chyle, 61. Absorption in general, 62. Absorption 
from 4he intesftine, 63. Starration, 61 

Aptendilg to Abeorption StO* -Modern Wews on the mode of entrance of the chyle into the Locteals ; 
Tomitingi 53a. 

SeoreUoin - SeoreUon in general, 68. The rascular or ductless glands, 67. Functions of the skin, 68 ft 6e, 
Tlie orinaiy excretion, 80. Physical properties of urine, 6L Chemioal composition of urine, 62 ft 83. 

ftiplmftl BeoMoity; Fonetions of the Nerves-Aotionof electric currents on muscles ft nenres, €7* 
Afllion of electric currents as physiologioal modifiers, 68i Explanations ot the phenomenon of 
sleotrotoons^ 89. Aotion of the electric stimulus (induced or interrupted cuirents) on muscles ft 
nevres, 70 ft 7L Animal eleotridty, 72. The nenres ft their roots, 73. The rato of nerroiu 
oond notion 74 

Vions of the Cevebnun - Th» ganglia of the base of the brain, 75. Functions of the cerebral hemi* 
spheres , 76 ft 77. The ovtbral oonyolationsi 78. The faculty of artioulate language, 79. 
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Fanctions of the Lower Nenre-Oentres - Fanotiont of thenerTe-oentrM in general, 83. BeBas 
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Pnenmogasteio nerve, 102 & 103. Lingnal A glosso-pharyngeal nerves, 104 Spinal aooessory nerve, 
105. Hypogloeial nerve, 108. 
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The Senses - Sight, 112 to 115. Hearing, 116 & 117. Smell ft taste, 118. 

General Development of the Ebnbryo - Ova, 120. The two kinds of ova^ 121. Menstruation, 122. 
Theoorpns lotenm, 123. Preliminary transformations of the ovam,124i. G^eneral development of 
the embryo, 125. The nmUlioal vedole, 126. The amnion, 127. The Allantois 128. The chorion, 129. 
Changes in the oater membrane of the ovum, 180. The decidua^ 131. The placenta A umbilical 
cord, 182. 

Appendix to the General Development of the Bmbryo. 

Germiual vesicle, segmentation-gnrannleSy blastides, embryo-oelL The two primitive layers, 
A the third or intermediate layer of tiie blastodemu Secondary segmentation. Partial segmentation 
of nnfecnndated ova ; 124^. 

Primitive traoe or grove. Chorda dorsaUa. Walls of the umbilical vesiole ; 126 A 126^. 

Amnion A allantois. Villi,— Origin of the chorion. Placenta. Synopsis of the evolution of 
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Development of the Organs - 134 A 135. l>evelopment of the nerve-centres, 136. Development of 
the face A neck, 137. Development of the nassal fossso, 138. Development of the eye, 139 to 141. 
Development 0^ the ear, 142, 148. Development of the heart, 144 A 145. Collateral oironlation of the 
appendages of the embryo, 146. Arterial pystem, 147. Venous system, 148. Vitelline & umbilical veins, 
A portal oitoulation, 149 to 151. The intestinal oanal, 152. Its appendages— Air passages, 153. 
The Wolflian bodies, 154. The kidney, 155 The urinaiy bladder, 166. The central genital gland 
(testicle or ovary), 157. Subsequent evolution of the testicle — Spermatozoa^ 158. Subsequent evolu- 
tion of the ovary— Ova^ Graafian follicles, 159. The genital ducts— Disputed homologies. 160 A 161. 
The two views discussed, 162. The views of Weber, 163. The genital coi^ or common genital bundle, 
164. The residual genito- urinary organs, 165. The external genito-urinary organs, 1^ A 167. The 
descent of the testicle, 168. The descent of the ovary, 169. The plenro-peritoneal cavity, 170. 

Appendix to the Development of the Organs - Bndn a cord, 136^. Notee on Dr Alien Thom. 

son's description of the development of the face, 137^ Notes on the omphalo-mesenteric arteries, 
146^. Notes on Dr. Allen Thomson's description of the cervical arches, 147^. Diagrams illustratiug the 
evolution of the cardinal veins A their tributaries, and the development of the veins of the lower 
Umbe. Notes on Dr. Allen Thomson's descriptioa of the developmoDt of the veins , 148^. Diagrams 
illustrating the Development of the portal circulation. The ** Common inferior caval trunk," 149, 
160 A 151^. The development of the limbs, 192^. Diw AUen Thomson's description of the develop- 
ment of the muscles ft joints. 192>. ( These aghi pages are inserted singly by the side of the pages of the 
text to which they correspond.) 

I>0Velopment of the bones - Chorda dorsalis, or notochord^ 172. The skeletal matrix, 173 to 177. 
Ghondrification of the skeletal matrir, 178. The development of bone tissue^ 179. Ossification of the 
spine, 180 to 182. Ossification of the bones of the skull, 183. Ossification of the bones of the 
face, 184 ftl85. Ossifioation of the bones of the thorax, 186. Ossifioation of the thoraoic A pelvic 
limb-girdles, 187. Ossifioation of the long bones of the upper limb, 188. Ossification of the long Vones 
of the lower limb, 189. Ossifioation of the long bones with one epiphysis only, 190. Ossification 
of the short bones, 191. Tableau of the ossification of the long hemes, 192. 

I>evelopment of the Teeth- The five stages, 19B. The temporary, deoidnons, or milk-teeth, 196, to 198 
The permanent teeth, 199. Dental chronology^ 100. 

Appendix (Addenda) . Guiding Sensations, or 8rd tablet on Beflez Action. 94 A 95^. Kilas's classlfica. 
tion of BefleTlLotions, 64 A 86*. Further remarks o» the views of Webtfi 163^, (N,B. Tho 
Addenda are net included in the separate edition of the appendix). 



» X ' X ' ' ' ' ■ '' 









ADVICE TO STUDENTS. 



The prinoipal rules of tBe art of learning are to cla88Lfjr» to oondente^ and to proportion, aooording to 
their relatire importanoe, the attention to be given to the faots that are to be retained. 

Chssijy* ' Qr o n p things that are alike $ tkns^ in learning one, sereral will be aoqidred. 

CcttdMU.'^The more conoiae the wording is, the more faots oan be gone over in a giren time, 
and the better they oan be remembered. A firm grasp of the facts is what is wanted first i 
erudition may be oourted afterwards. 

Proportion according to their relative importance the attention to be ^iven to the /acts thai an to be 
Trained. The headings h subheads should be mastored first j then, in suocession, the dimioni^ the 
snb*diTisionB, the prinoipal points, tbe minor points, the noteworthy details, the 



The Tablets ore intended to assist the Student in oarrying out these rules: 

The groti^ing and the condensing are done for him to a considerable extent* 
The arrangement adopted will further induce him, it is hoped, to proportion his attention 
rightly : - The Tablets, especial^ those on Anatomy, show at a glance the general outline of iha 
BubjMt they treat of ; this^ outline should be studied first, and tboroughly understood and 
mastered before the Student goes any further. This is of prinutry importance for the successful use of 
the Tablets, which, tbe Author would remind the Student, are intended simply to assist him in read- 
ing the stendard Authors with greater profit and ease , not to take the place of any other worh. 



To 
WILLIAM SOOVELL SAVORY, Esq., F.R.S., 

lUKOXON TO, AND LSOTUEIK ON 8UB0XKT AT, 8T. BABTH0L0XKW*8 HOSPITAL ; 

LATX PROnSSOK OF COMPARATIVE ANATOMT AND PHTSIOLOOT 

AT THB BOTAL COLLXOX OF SUBQXONS ; MKICBER OF 

THE COURT OF EZAKINSR3 OF THE 

SAID COLLEGE. 



iSir, 

As cm aqiruiion of my respect for y<mr efforts in promoting the 
Mtudy of Physiology ctmong StudentSt and as a token of my gratitude for past 
t, I beg to dedicate to you these unpretending little Tablets on Physiology, 

Sir, 

Yours very truly ^ 

THOMAS COOKS. 
Wolmm Place, April, 1873. 
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CIRCULATION 



PHYSICAL PBOPERTIES of the BLOOD. 



The blood is a thiek A heavy fluid or a bright tcariet ootoar. when flowli^ ftom a& 
artory, and of a dmp purple, or nearly blaok oolour, when flowing firom a rein. 

lU aTerase temperaiure is abcui 100" or 101*, bat is not the same all orer the body, 
for the Dlood is oooled when paasinir throagh the oapillaries of the sUn and is 
slightly wanned when passing throagh large A aotire glands saoh as the UTSor. 

Its tpeetfie mnUy Tarles >Vom lOM to lOSO, the average being 1050, the grartky of 
water being reckoned at 1000. 

The blood is slightly aikcUine in all animals and undei all eiroamstanoes. The 
sapposed exception in the case of menstroal blood is dae to the admixture of add 
mooos ftom the ateras and yagina. 

The blood emits an odour similar to. bat f^nter than, that emitted by the animal 
itself. This odoar is principally due to a vokUiUfiUly acid, and it may be set tne, 
even when the blood is dried up, by adding to it small qaantities of a mixtore of 
eqaal parts of salpharic acid k water. 

Quantity of Blood ia the Body. 

The whole of the blood weighs normally In man about l-8tii or l.lOthqfth* weight 
ef the body. The quantity of the blood Taries, howerer, considerably according to 
the amount of fbod k drink recently taken, and to the quantity of water given 
ofT; it may be reduced to nearly half by long Ihsting. 

The quantity of blood in the body eaanol be aaeertained with any degree of 
precision by eimply bleeding an animal to death and measuring the blood that 
eeeapee, for on the one hand a large amount of blood would then remain in the 
vessels, and, on the othor hand, if death ensue but slowly, large quantities of fluid 
would be absorbed fh>m the tissues to refill the emptying vessels, and would add 
considerably to the apparent amount of the blood that would be drawn. 

Leaving aside the lengthy calculations of Vierordt, based upon uncertain estimates 
of the amount of blood expelled ftrom the left ventricle at each beat of the heart, 
ft of the number of beats necessary to complete the round of the circulation, 
there remain feop principed methodt iffaeeertainmg the ^antity qf the Uood in the 
body.— 

1. WeolkorMeecb an animal rapidly to death, and measures the blood which 
escapes. He then vaehee out the veaeae by abundant ix^jections of water, and 
calculates the additional quantity of blood which then flows out, mixed with 
water, l^ comparing the oolour of the mixture with that of other mixtarea made 
In known proportions ; 

2. Valentin ii^eete a known quantity of water; Blake, a certain quantity of 
eome ealine eubetance, such as sulphate of aluminiam. which is not found in 
the blood, and which Is of easy detection. The ealeulation is then (bunded upon 
the diminution of the epeeijk gravity of the blood, or upon the proportion nfthe 
ealine euhetainee dig'uaed in a measured quantity ox the liuid. This latter method 
may, however, be objected to, on the ground of the probably unequal dilution 
of the blood, or of the probably unequal diflhsion of the saline substance throagh 
its mass, unless a considerable time he allowed to elapse between the injection 
and the collecting of the samples of blood, upon the modified condition of which 
blood the calculation is to be based; but then the result would likewise be 
vitiated even to a greater extent, by the passage into the tissues, of an unasoor- 
^jwiyKU amount of the water or of the salt used in the experiment. 

Fot the mod aoeuraU eeHmate we have of the total quantity of the blood in the 
human body we are indebted to Weber k Lehmann. They had the opportunity 
of weighing, b^/bre Mr after dioapiialtoii, two erimxnaJe who had been oondemnsd 
to death. The diflhrence in the weight represented the weight of the blood that 
had escaped. The quantity of blood remaining in the beau ft tmak was oaloc. 
lated by Welket's oMtbod. 



STBTTCTUBAL CHABAGTEBS of the BLOOD. 



fStauetanJJtj tbe blood contifta of a oolonrlMs fluid, liquor mnguinis, or pUuwta, v$ 
61oo(C oncl ZymjA w r p i u eto, of more or Ion mnnanms ai5«miii«iw ^raniiiet A /btty 
^orMelM, alxnllAr to those ftmnd in the lymph and ohyla ; also, during the height of 
digeetion, of a few easeMdintfly miiMite ott ytobiiki, Uke those which conitltnte the 
molecular base of the obyle. 

Bed Blood Corpuscles or Blood Cells. 

Human red blood oorpnedes as they oirealate in the resselB are mxMiU fiaXUm/td or 
digMly biconcave discs; but they swell ont through endosmosis, k become convex token 
tke blood i» dUuted with water, and ahrink t assume various Irregular forms, 
tthen jott, «yrvp, or any other substance is added which increases the density of the 
blood. They are elastic, and admit of compression k elonsration, in adaptation to the 
small diameter of the lesser capillaries. Their diamaer ywt\Mfrom l.SOOOffe lo 
IMJOfUhcfanincK. 

They are now bdintd to be tutmogeneotu in Hnidure, the only difference between 
their seyeral ports being, that their external layers are dense k firm, while 
their internal substance more or less ^>proaohea the fluid state. They have 
no nudH: while they remain conoaye, however, the appearance of a central gpot, 
due to unequal refhiction, is perceived in their thinnor central portion, and is 
either brighter or darker than the border, according as it is viewed in or out of 
focus. 

A peculiar property manifested by the red blood corpuscles. Is their tendency, token Vte 
Mood i$ at reett to adhere in the mape o/roUe, eolumna, or nwlMUX, like piles of coins, 
which latter soon join together A form a khid of network. This tendency to adhere 
is increased in inflammatory diseases ; it partly explains the formation of the bufly 
eoat, for the more the blood corpuscles are clustered together, the more rapidly 
they sink to the bottom. 

ChemiedUy the red globules consist of a delicate colourless gtroma very abun. 
dantly infiltrated with a red coUmring matter. The etroma consists of a 
nitrogenous proximate principle, protagon, combined with a modification of 
globulin termed paragMnUin or Jtbrinoplaetin (Hop]>e.8eyler, 0. Bhmldt). The 
colouring matter is a nitrogenous crystalisable substance, kamoglobin (Hoppe- 
Beyler) or cruorin (Stokes), capable of absorbing oxygen in the lungs and of 
readily giving it up in the capillaries. The red globules also contain fatty 
matters, among which cholesterin, and salts, chiefly phosphates of potash, soda, 
k lime (Vide Tablets on Animal Chemittxy). 

White Corpuscles 

Are spheroidal nucleated cells, about 1.2S00(A of an inch in diameter, and of a greyish 
pearly colour. They present a finely grannlated eur/aee, granular contented and a 
shnple or compouna niicl«iM, which is clearly brought ^to view by the action of 
dUute acetic acid, the remainder of the cell then becoming transparent. It is 
dovh^/htl toketker they are surrounded by an/y true cM-toaU, 

They are very pimilar in appearancA to the corpuscles of the lymph or chyle ; but 
they differ firom them chemically, for the latter are but very slightly acted upon 
by acetic acid. 

A most remarkable property which the white corpuscles have recently been shown 
to possess in common with the amoBba (Von Beokllnghausen, Waller, Cohnheim), 
is their capability of asauming, spontaneously, ditferentfomut and of eneloeing mUk- 
gMnUee. or particlee of colouring matter or of carbon ; of tending out prooeaaee in 
different directiona and subsequently withdrawing them ; of adhering to the toaUe c^ 
the btoodrveeade, wuhing proceaeea through them, and then following theee prooeaaee 
inio ihe ewrroundveq ttsmo, in which they accumulate in great numbers, in any 
part of the body that has been irritated. 

The average proportion of the white corpuscles to the red ones is ohwA 1 ^n 400 or fiOO } 
but the relative number of the white cmpuseles is very variable, being much 
increased after a meal and greatly diminished by Cssting. 
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COAGULATION of the BLOOD. 



When drawn from the body, and Isft ai rest, the blood eoagtUatei in about 10 mimitM. 
The dot gxadaalW contraeU and beoomee flxmer, while a transparent jellowiah flnidf 
the serum, ocuafiom %U mrfact, and U aoon abnndant enough for the clot to Hoat 
therein. 

When examined with the micioeoope the clot 1b seen to eontiti tuf mfLidifiadi /ftrin. In 
the shape of minate fibrUIn, between the meshes of which the red flr{o6iue« are joined 
together in piles, colamns, or " rooleanx ;" the wAiie gkhuUi are scattered here and 
there. 

The esrpIanoMon giren of the change, until latelv, tmu fhii ; iM liouor Minruinic tomtiA* 
cfaerum hoMing fibrin in stdvHon ; the fibrin Kiu a oeeuliar tendency to coag%tlate when 
at rest, d: to contract ; while coagydaiing, it entangles in its meshes the blood d lymph 
corpuseUs and the serum; by its subsequent contraction the serum is pressed out qf the 
dot. 

The/oregoing explanation of the coagulation of the blood is, howeyer . no longer received in 
its integrity ; indeed, the veryexittenee qffiuid fibrin in the blood is now ditbdieved in, 
if not disproved. Schmidt k ur. Buchanan, of Glasgow, have shown t hat the addition 
of blood serum, or of red blood corpuscles to, or the contact of muscular or nervoua 
tissue or of skin with, any serous ellVision, or the admixture of serous eflhsiona 
from different parts of the body, gives rise speedily to the formation of a clot. Thus 
fluids which have themselves little or no tendencv to coagulate, can be made to 

S reduce a dot apparently identical with the blood-clot, by the simple addition of 
uids which will not themselves coagulate, or of solids wnich are not known to 
contain fibrin. Schmidt supposes that thefiyrmation of fhtfihrin of the dot is due to 
the union during coagulation, qf two substances chemieeUly very similar, which he 
calls respectively the fibrinoplastic A fibrinogenous, the former of which may be 
obtained from almost all the tissues k fluids of the body, and is believed to be 
identical with the paraglobnlin of the red corpuscles. The real cause of the coagu. 
lation of the blood Is stiU, however, a myaterr. 

In infiammatory diseases A in low eonstHuiional slates, a layer of white clot, the " bvffy 
eoaty* forms on the top of the red clot and soon becomes concave or cupped on ita 
surface. The inflammatory clot also shrinks more than usual and becomes very 
firm and tough, which is due to its containing a large amount of fibrin ; in the case 
of cachectic a anaemic persons the clot is large, loose, k soft. 

The white dot is due to the vartial sinking of the red blood corpHsdes b^ore coagulation 
takes place, and to the inclusion In the upjMr part of Uie clot of the white or lymph 
coxpuscles only, which are much lighter than the red ones and incline to float. 
This sinking of the red corpuscles occurs in inflammatory diseases and in low 
oonstitutioxuil states, because the corpuscles then manifest an increased tendency 
to coalesce in columns or "rouleaux," in which condition their rate of sinking 
bec<mies greater ; in inflammatory diseases the blood also coagulates less rapidly, 
so that the corpuscles are allowed more time to subside before they are arrested by 
the formation of the clot. The absence qf the red eorptudes from the upper layers of 
the clot, explains both their pale yellowiA or greenisk hue, and also their gre€iter 
contraction di the concave or cupped shape qf the surface qf the dot. The ereater or leas 
amount of fibrin contained in the blood, or formed at the time of coagulation, 
explsuns the greater or less contraction of the mass of the clot and its variable 
consistency. 

Coagulation is hastened by rest, moderate warmth, the contact of foreign bodies or 
rough surf^oea, slight dilution with water, and l)y exposure to the air, as, for 
instanoei when the blood escapes slowly ftom a small arterv or vein and is collected 
in a shallow vessel. It is retarded by slight agitation, cold, contact with smooth 
surfaces, the addition of ammonia, of alkaline or earthy salts, or of the narcotic ft 
sedative alkaloids, the exclusion of air, as, for instance, when the blood escapes 
rapidly from a large artery or vein and is collected in deep or dosed vessels, or 
when oil is poured on its surface; it is retarded also in all Inflammatory states of 
ilM system. 

The serwn, or that part of the blood which remains fluid after the formation of the 
dot, is viscid, yeltow, dt aJIkaline, and contains all the constituents of the blood, except 
the globules and the fibrin. Its abundance depends on the degree qfcontradion qftks 
dot. Being verv rich in albumen it coa/gulabu, when heated, to such an extent that 
it is transformed almost entirely into a white jelly.like mass. The small portion of 
the serum which then remains uncoagulated Is termed " seronfy." 



CHEMICAL COMPOSITION of the BLOOD. 



The prindpal coiutitTientB of the blood ftre water, aUmmen, JtbrU, red globtdea. faUy 
euid extractive matters, ealte, k gaaes. The Telatire proportioai of Bome of these 
oonetitiieiits may very considerably, but the average compoeltion of the blood as a 
whole is pretty constant. 

Water .-^JVom 700 ^ SOO parte in 1000.— ^Its d^ficiencjf Is Indicated by a sensation 

of thir^, which becomes more ft more oreent as the deficiency increases. When 
itiain excese, it is rapidly exoYted in the ^pe qf sweat & urine. Thos, nnlformity 
is maintained in the density of the blood, and in the ftdness or tension of the 
vessels, and, consequently, in the rate of exudation flrom the yessels into the 
tissnes, ft in the rate of absorption firom the tissaes into the blood. 

AlbtUnen. — From eo to 70 parts in 1000.— Is probably in a state of combina. 

Hon with soda, or with the tribasic phosphate of soda, which assist in keeping 
it dissolved. 

Fibrin. — From 2 to Z parts in 1000.— The proportion cannot, however, be very 

accnrately ascertained, as in analyses fibrin cannot be separated from the white 
globules. Is much increased in injlamniatory diseases, but, as in such cases, the 
white globules are much increased also, it is probable that the apparent increase 
of the fibrin is partly due to its being weighed along with the white globules. 

Red OlobuldS, containing ProtaQon, ParagMmlin or Fibrino.plaHin, Eeemom 

gUMn or Cncorin, and also ^atty matters ft Salts. — 130 parb (dried) in 1000. — ^The 
quantity of red globules is increase in plethora and much diminished in anemia ds 
dUorosis, in which latter state the globules have been found reduced to the pro. 
portion of 00, fiO, or even 27 parts in a lUOO (Andral ft Gavarret). 

Ffttty KSitt^TB, —Average proportion, li parts in 1000— Consist of cholesterin, 
cerebrin, seroUn, the phosphorised fat of the brain, margaric, and oleic acids, and 
of a volatile fatty acid, to which the odour of the blood is mainly due. They are 
subject to great variations in quantity, their propcnrtion being much increased 
after meals, when the fatty particles of the chyle are added to the blood. 

Extractive Matters.— ^&ou< e parts in lOOO.— The most important are 
treatin, kreaiinin, sugar, lactic acid, casein, urea, urie acid, ammonia, and 
colouring ft odoriferous matters. 



Salts ."^-O parts in 1000.— The salt found in the blood in by far the largest proper. 

tion is the chloride qf sodium. Among the salts of special interest are the 
carbonate and phoaphaHe and the tribojiic phosphate of soda, which give rise to the 
alkalinity qfthe blood and preserve the fluidity of its albumen. These salts have the 
property oi absorbing large quantities of carbonic acid gas, and of readily giving it of 
when agitated in atmospheric air, and it is believed by Liebig that the carbonic 
add gas of Hu blood is principally combirud iritA thxiiu 

Oases, — 100 vohkme» qfblood contain, collectively, fhnn. 40 to 60 volumes t^ oxygen, 
carbonic acid, and nitrogen, the mean relative proportions of which are about 
as 4, 12, and 1. Arterial blood contains, howerer, more oxygen ft less carbonic 
acid than venous blood. The carinmic acid d: Ihs oxygen are partly free and parU'u 
in a state of weak chemical combinaticn, the carbonic acta being co»i2Kit«a vHth 
ihe eartonate tSs phosphate and the tribasic phos^aie cf soda, Vu oxygen being 
chiefly absorbed by the red globuUn, and being combinea with the hamoglobin of 
cruorin, which has been shown by Hoppe.Seyler and Professor Stokes to exist in 
two states of oxidation corresponding to the scarlet ft purple tints of arterial ft 
venous blood. 
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THE ACTION of the HEABT. 



Hm ^okoU hmH is rdaaatd Apattim iimmediaUly ttftm iU UtA icilaBt tlie dde of tti» 
ohett. 

DnxlBg tlie period of npoM or '*jnnim,** the ^urleles gxsdaAlljfill, ead a portkm 
of the blood paaeee throagh them Into the Teatrieles. 

When the ownielcf «re dietehded they eonlraci, piopeUiBg nearly the whole of their 
Mood into the yentriolee. 

The oontreotlon, or tifiloU, qf tht aurielef is of Tory tkori duration ; it eommencu tff 
Ike or^/leet of iht ipreat vehUt and is propagated towards the aorioalo-Tentrlonlar 
openings, tne anrlcQlar appendicee oeuig the last to contract. The reflux Ot the 
blood into the veins is thns checked, as it is also by the simnltaneoos contraction 
of the mnscnlar coats of the Telns. and, with regard to the riffht side of the heart, 
by the Bostachian A Thebesian yalree, ft by the yalTes near ue petnt of janotion 
of the internal jngnlar k sabolavian veins s a small qnsntity of olood does, how- 
ever, regurgitate. 

The emtnele*. on being distended, immMaidy eimtraet, so immediately, indeed, 
that no interval can be perceived between their contraction and that of the 
auricles, the two concurring *'in such wise that but one motion is apparent" 
(Harvey). 

The ventrieUt eontraet dowly, and empty themselves completely. DurinQ iheW 
vndradwfi they rciaU *er*!W-wiae to the right on account of we spiral arrangement 
of their Bupeilicial fibres, btdge <nU, and tiU forwards the apex A lower part </ the 
anterior eurfaee of fhe huxrt^ producing the well.known impulse of &e latter 
against the side or the cheat. —The force with which the blood is propelled into 
the aorta by the left ventricle is calculated to be equal to about 41be.. and the 
fbroe with which it is propelled into the pulmonary artery by the right ventricle, 
is oalculated to be equal to about 2 lbs. The fbroe of the auricular contractions 
cannot be measured. 

ThepaiMs or the period of relaxation, during which the cavities of the heart are 
again filling, recomnMnou/or (Ae attrieles, dMiring fht contraction <Q/t^ «en(ric<e», and 
fw Viu wAok fif ike hMnri, imxMdiaidy after tweh oontroe/ion.— The cavities of the 
heart axe now no longer believed to dilate activelv ; their diastole, though taking 
place siwntaneously, is nevertheless a mere passive phenomenon, due simply to 
the relaxation of the previously contracted muscular walls. 

Aotion of the Valves of the Heart 

The mtfUral and friciupid eoleet close the anriculcventrlcular openings during the 
eontraction of the ventricles, and prevent regurgitation from the ventricles into 
the aurldes k great veins. The semilunar valves dose immediately after suidi 
contraction and prevent regurgitation from the arteries into the ventnclesL 

The dotwre qf the hrieuepid vaitfe is said, however, to bs iiii|Mi:A9ei, and to allow of a 
oeriain degree of regvrgttaf ion duriikg xMm^ saBfreue, and alio WMn Vhe eimetilcuiois 
lArotiflrfc (Ae tunflft is impeded, a pulsation synchronous with the beat of the heart 
being then obeervable in the jugular reins. Oeer-dieCention of ike tarries qf the 
heatiAqfthe capiUariesqfthe lunge is prevented by this "sufety valve action" as it is 
sometimea called. • 

The anriculo. ventricular valves are closed by the pressure of the blood in the 
contracting ventricles, their elevation being aided by the action of the elastic 
Ussuee wmeh they contain. The eversion of these valves is prevenled by the thordes 
tendinea, which are kept tense by the contraction of the musouli papillares, which 
contraction takes place simultaneously with that of the walls of the ventrldes. 

The semilunar valves are thrust asunder by the impetus of the blood outflowing from 
the ventricles.— The lateral pressure of the blood propelled into the arteries 
distends their elastic walls, but it does not distend, or at least it does not distend in 
an equal degree, the unyielding valves and the rings to which they are attached. 
Three pouekeSt the sinsues of FcUeoZm, art thus/ormed Mitnd tAe eatsee, vkils tiU eolvst 
Hkem M SL v e e are drawn inwards towards the centre cf the artery, and are thus fisvonr. 
ably disposed to be pressed down and doeed, as soon as the ventricles cease to 
oontract and the dilated arteries are able to recoiL The presewrs qfthe blood in the 
feeoiUmg arteiiee, as has been shown by Mr. Savory, is not evetained by tike voloee 
atone, bai also by iks iMA upper edge of the eentrielet, upon which the pouches of the 
distended artery A the outer part or the semilunar valves repoee. The wm/rgine 
qfthevalvee meet in three converging lines, along which they eoeis in eontoct with 
each other, not only by tkekr edges bvSt also by fhs venkiemlar swipes ef the IwnntaL 
The corpora AraiMi sieel ifn the cmln of the artery k proteMy assist in ike doewre 
^tks 



CAUSE of the ACTION of the HEABT. 



The oontraotioBB of the heart are noi governed directly by the cerehro»sp%nil 
nervt'^irUreSf for injury to the latter amoiintizkg even to total destmo- 
tion, does not, if gradnallj inflicted, atop the heart's action, and, if 
saddenlj inflicted, generally oooadons bmt a temporary inteiraption 
due to shock, especially if, in the case of warm-blooded animals, 
artifloial respiration be resorted to. The action of the heart con- 
tinues eyen after that organ has been completely disoonnected from 
all other straotnree and remoyed from the body, and oontinnes nnder 
snch circumstances for seyeral minntes in the case of warm-blooded, 
and for seyeral hoars in the case of oold-blooded animals. 

The immediate cause of the kearfs action lies, therefore, within the heart 
itself, !>., in the numerous ganglia &* nerves of the sympathetic system, 
which are distributed throughout the substance of the heart. (Tide 
« In,''uence of the Nervous System over the Action of the Heart,)" 
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THE SOUNDS of the HEABT 



Am kfo in number, folloir i» qruiek iueeettton, and tre tueeuded fry aptmm, 

Ist. Sound.— Is deep, dnU, prpUmg^ ooincides with the impalae of the 
heart, & just precedee the pnlfla. Is beet heard In the 6th tntercoetel speoo 
two Inches below A one to the inner side of the nipple. 

2xid« Sonnd ."is $horter, sharper, higher in toiM, and has a somewhat flapping 
oharaoter. It Immediately follows the poise, and is best heard at the npper 
border of the 3rd costal cartilage of the left side, close to the stemmn. 

Tb» two sounds & the pans j eorrt ^ pond in point <2^fi«ie m/MIoim ^— 

Lst. Soond-with: 

A. The contraetion ef the venfrMet, the closure of the anrionlo.Tentrlcnlair 
Talyes, the opening of the semilunar yi^Tes, A the projection of the blood 
Into the arteries. 

B. The Jirwt part qf the dilaiation^th*aurUit$, 

2iid. Sound-with: 

A. The ceaeaiion qfthe eontraeUon cfthe veatricUi, the recoiling of the arteries, 
ft the closure of the semilunar ralyes. 

B. The continued dilatation qf the awidee, the opening of the aurioulcven. 
trlcular valre*, ft the commencing dilatation of the yentricles. 

The pause — ^with: 

A Th9 distention and evJueqnenteoniractionqf the mmielee, 
B. The dietenlion of the «mtricle«.— During the pause the semilunar yalyee 
are closed and the auriculo-yentricular yalyes are open. 

The two sounds aire ddermined aa/oUowe: — 

1st. Sound.— By seyeral coincident causes, the principal of which is the 
viJbration qf the aurieuio.ventfienlar ffolvee at the moment of their closure, 
and also, perhaps.the vibration of the walls of the ventricles, aorta, and 

Euhnonary artery. That such is the mnd cause of the first sound of the 
eart is rendered more than probable, u it is not absolutely proved, by the 
following experiment of Valentin : — ^Valentin filled with a moderate quantity 
of water wltnout any admixture of air a portion of a horse's intestine tied up 
, at both ends ; the stethoscope being applied to one of the ends, towards which 
end the water is propelled by sudden pressure at the other, a sound is heard 
yery similar to the first nonnd of the heart ; this sound is evidently produced 
>y the vibration of the walls of the intestine. It is admitted, however, that 
other causes assist in produoinff the first sonnd ; among these secondary 
causes the most efficient are probably the coniracHonqfthe mtucular Jlbree qjf 
the ventricUe, the ehock qf the heart againet the voile qf the duet, ft the vibration 
qf tke blood itee^ when, suddenly compressed and ejected Into the arteries. 

2lld. Sound.— By the vibration qf the eemilunar valvee at the moment of 

their closure. This is proved by another of Valentin's experiments. 

Valentin passed curved needles through the walls of the arteries ft the 

semilunar valves, thus rendering these immovable, and stopping their 

action ; after the operation the second sound was no longer heaitl. 

The ooniraction qf ihe anridte is inaudi^Je (Aroiig^ (A0 voaUe <tf the diest, but when the 

heart is exposed ft the stethoscope U applied to it, a slight sonnd Is heard precediug, 

ft being continned into, the louder sound of the ventricular contraction. 

Impulse of the Heart against the walls of the Chest 

Is fiBlt most distinctly between ikt 6ih A Uh Uft ribe, one or two inchee from the 
stcnittm. 

It is determined by the bvlging out qf the heart during the ventricular contraction, 
ft also by the tilting forwarde qf He apex in a screw.like manner, due to the spiral 
arrangement of the superficial fibres of the ventricles. The tendency of the aorta 
to straighten itself, when distended by the action of the yentricles is, perhara, 
another cause of the impulse of the heart, but onlv a very secondary one, for tne 
same tiltlnff forwards occurs when the apex of the heart is cut off and the cavities 
of the ventricles are laid open . 
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STBUCTXTBE of the ARTERIES 



Pnaenis for ezamlnatioii thrte eoaU, the «a«a vatorum, k nervti, 

Ximer, Serous or Epithelial Coat — consisto of two €$$eiuiai i<nie«ur«t 

between which. In the luge arteries, » third stmctnre is interposed.— The two 
eoeential stractnres are : — 

1. A aimgU layer qf pavement epiikeUiuM, the cells of whioh are slightly 
elongated, and present very distinct nnolei. 

2. An eloHic layer whioh may be either, as it osoally is, a delicate retieu. 
Voted membrane perforated here 4: there, ike striated or fenestrated coat ef Hente, 
or a iiMre nehoork of anastomosing fibres of elastic tissue longitudinally 
disposed ; or the two forms of elastic tissue may coexist, the former lntemally« 
the latter externally. "The intermediate structure obserrable in the large arteries 
is a longitudinal stratum (striated layer of Kblliker) of iU.developed elastic ft 
connective tissue fibres, which stratum is often nearly homogeneous in 
appearance. 

This coat is a thin, ttritUe, eoUnwlees membrane, remarkable for the smoathneu 
ef its inner ntrAiee. It can easily be separated firom the middle coot by mace- 
ration. 



Middle or Circular Coat— OonslsU of aUemaU layers (^ txrtfvioir 
miuettlar fGbree and of eurular Aftref q/' yeUoio daMie A wh^U fibrcus tissues. The 
relatiye proportion of these diflerent elements raries according to the size of the 
vessel, the mvMular fibres being most abundant in the smaU arteries, and forming 
almost exclusively the middle coat of the smallest ones, the elastic A «o^i(«>l&roiis 
tinwa being predominant in the larj/er vesads, and existing almost exclusively in 
the main trunks. 

This ooat is relatively very ^vk, and is the principal cause of the great 
thickness of the walls of the arteries. It Is eXastie, hut brittle, of a yellowisn or 
tawny colour in large arteries, redder in the smaller ones. It Is easily separable 
from the outer coat. 



External or Cellular Coat^ or Tunica Adventitia — ck>nsista 

of eonneetive tissue longUudinally or obliquely dimosed, and containing, except in 
the smallest arteries, elastic flings and elongated nuclei. In the larger arteries 
the inner layers of this coat are formed of elastic tissue only, while the white 
fibrous tissue predominates in the outer layers. 

This coat is proportionately thickest in the small arteries. It forms a tough 
investment, continuous externally with the sheath, by means of loose areolar 
tissue. It is in this coat that the vasa vasorum k nerves are principally seen to 
ramiiy. 

Nutrient Arteries or Vasa Vasorum — Arise firom theneighi)ouring 

branches, break up in the loose cellular tissue within the sheath, ram\fy in the 
external coat, and give off* afno twigs to the middle coat. The corresponding venules 
open into the veins which accompany the artery. 

Nerves — ^Are derived principally from the sympathetic, but, also from the 
cerebro.itplnal sj^stem. They form plexcses on the large trunks ; smcU 1:undles 
of fibres run along the smaller arteries, single fibres uone the smallest. Those 
penetrate into the middle coat, to which they are principally dii^trlbuied. 
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ABTEBIAIi CIBGULATION. 



The tw9 properties by wbieh tbe uterlee InfliieBoe the afaro«IetloB an llMlff 

Blasttoity of the Arteries. 

The oontents of the yentrloles are ibroed into the arterlee more rejrfdly then thegr 
can be diacharsed. The elaatlctty of the arteriee therefore : — 

1. Pr tv inti the arUriu from ImnUiig.^The elasticitv is moet developed in the 
largre arteriea, eepeciaUy in those near the heart. In which the Tarlationa of 
internal preuare are ue firreatest. The degeneration of the walla of tbe 
arterlee la the principal canae of anenriim A apoplexy. 

2. Eq^taUMM the chmdmm bj maintaining preacore on the Mood during the 
tntervala of the Tentrlcalar contraetiona ; the jetting stream is thns converted 
Into the oontlnnoos and equable current obserrabla in the capilleries. 

8. Tends with the contractility to maiiUain wMbrmUif in iheA^bun * tmuUm of, 
and oonseqnently in the rate of exudation from, and of aosovption into, the 



Contractility of the Arteries 

Is moet devdoped in the tvuM and in the midiUe tiaed orisHsc-^The contractility of 
' the middle-sixed arteries becomes eyident to the naked eye when they are 
denuded and ex])osed to the air, or when they are cut thronirh ; in the li^r ease 
it tends to stav tba hemorrhage, especially when cold or mnj irritating substance 
is applied. The oontractiUty of the very small arteries is rendered still more 
evident by the microscoplctu examination of the mesentery of the trog A other 
small animals when either cold or heat, or mechanical, chemical, or electric 
stimuli are applied. It may last as long as 48 hours after death. 
It is governed by the yaso-motor nerves, and is called into play by reflex action. It 
regiJaUe, according to the requirements of the moment, the ipuaUity qf Ucod 
that each part is to receive. It co.operatcs with the elasticity In adapting the 
eahbre of Vhie veeeele to the total maet qfihe blood, and In maintaining uniformity la 
the tenuon or tone of the blood, veesels. 

Force of the Blood in the Arteries. 

The onward fbroeof the blood in the arteries has been measured by Poiseaille by 
means of the hsemadynamometer, and more recently by several experimenters 
by means of the kymoffraphion. 

It was eaid by Polseullle to be the soms in aU the oeieriee, A to be eapable of 
supporting, while the yentricles are contracting, a column of mmtMnry oJbenX 
fix tadUf or a eoIuMn q/' woiar oSbonA jcvsn foA in heighi. It Is now, however, 
known to rair considerably in the dlflbrent parts of the arterial rjrstem. 
It is increaeed by the injection of water or blood into the Teins, and diminished 
by Ideedlng. It was said to be increased during expiration, and diminished 
during inralratlon ; the action of the respiratory movements appears, however, 
to be rather complex, the arterial pressure usually inoreasmg, according 
to Dr. Burden Sanderson, during Inspiration and the conmtencemeni m. 
expiration, and dlminishinff towanis the end of the expiratory movement, k 
doling the period of rq)ose or the thorax. 

The fbrce wltn which the blood is propelled into the aorta by the left ««iilriel« is cat. 
oulatedtobe equal to abo^ 4 loi., A the force with which it is propelled into 
the pulmonary artery by the riqH vtnAntXt to be equal to oSbwA % Jbe, 

Velocity of the Blood in the Arteries. 

Yolkmann has shown with the hcmadrometer that the velocity of the blood is much 
greater in the arteries than in \he capiUarlee, and also considerably g re at er than 
ui the reins ; that it is yreoleft nsar ike hmiri A dmring the eentriculor eomtrudiiene, 
and lead during the ventriealar diaetoU A in parte dietant from the Asorl, the two 
extiemee being respectively about 10 k about t inehee per aeeend. The velocity of 
the blood Is also slightly InereaBed during expiration, and diminished during 
Inspiration* 
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THE PULSE. 



Tba jttUing moyement of the blood dOata tke arteHu in aU direetUmt, inereMlaff 
both (beir diameUr and ftbolr Ungth, The lateral dilatation of the arteries is only 
aboat 1.16th (Vierordt) or l-22ndth (Poiseaille) of their diameter. The dongoHon 
(which hae not been aocnrately measored) produces eunatwne or UtermMS tKt 
nahMnolcvrvef, oiMieaiMM a macft greater diqitaemMai of the arterial walls, f 

The pulse may be defined t^th* heat of IhtarUriu produced by VieSr tuddeH dilatation 
and ditpiaotmad, the taUer due to the ewvaituire prodwed by dongaJlUm^ vhidk 
ditataaon A diMj^aeemeni are rapidly propagated in a loaveMke manner flrom the 
heart immediately after each Tentricolar contraction. 

The nearer an artery ie to the heart, the eooner after the Yentricular contraction is 
the pulee perceptible in it ; thos the pulse in the carotid precedes that in the 
radial, which in its turn precedes that in the dorsal artery of the foot. The 
delav of the pulsation in the distant arteries ne^er exceeds, however, I.6tii or 
VJiik <;(f a eoeond. 

The Improved ephygmiograph ft the beautiful tnrestigations of Mr. Harey have 
Inaugurated a new period in the progress of our knowledge of the pheno. 
mena of the arterial circulation. The sphygmorraph itself cannot be deecribed 
here, nor can any but the most prominent results of the investifi^ions of Mr. 
Marey and others : 

1. The dMeiUtoa eif aU Oie arteriee begins at the same moment ft coincides 
with, or instantaneously ibilows, the contraction of the ventricles ; it is only the 
maximum of dilatation and displacement which maximnm alone is perceptible 
to the finger, that ie atUdned eimoet instaeUeuteously in the proximate arteriee, and 
elighUy delayed in the distant onee. 

S. The delay is thus accounted /br: the blood propelled by the ventricle 
into the aorta meets the blood already contained in that vessel, and is impeded by 
It in Its course. This causes a part </ the foroe, communicated to the blood by the 
ventricular contraction, to be expended laterally in the dUaiation qf the Jtret part of 
iht aorta^ and gives rise to the formation qfa wave. It is this wave^ which, advancing 
at the rate of about 90 feet per second, dilates in succession the different parte qf (/u 
artery as it paeses rapidly through them, 

S. The passage of each successive wave through an artery, or each pulsation, 
is marked in the pulse-tracing by an upstroke ; a aownstroke marks the intervals 
of the pulsations. The upstroke eiught not to be too vertical, tor deficiency of tone in 
the arteries is thus indicated. The downstroke always mresente a eUgkl rtMeeent, 
which is probably due to the momentary rebound throughout the arterial system, 
occasioned by the closure of the aortic valves, which closure suddenly stops the 
incipient regurgitation of the blood Into the ventricles. When there is much loss 
of tons, as in low fevers and after great loss of blood, this rejutr^ is cHvysrotsd 
and can be perceived by the finger ; the piUs« is then said to be disrotoiis. 

The frequency of the False. 

The pretty uniform rdjoiiiee average observed in health, between the number of tht 
befiX» of the hueri h the nimiber of the rsqiiraMeMS, is about 4 0r 6 to L 

In rooad numbers the owrsffsyhegiiency ^tks puifs is;— 

Belbre birth 160 beats per miniite. 

At birth 140 

1st yesr ... ... ... ... ... ... 120 

7UI year ... ... ... ... ... ... 90 

isMi year ... ... ... ... ... ,,, eo 

Adult age 70 to 80 

Old age e>to70 

ladeenpitode .~ 66 to 76 
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THE STBUCTUBE of VEINS 



Dififen more than that of the arteries according to size and situation. 
In most veim ihree eoaU can he recognised j they are, however, much 
thinner than those of the arteries. 



VeinB immediately above the CapiUaiies— Ck>n8i8t simply 

of a layer of poi^emant epithelivm, supported on a stratum of 
nucUoUd Jibrou$ <i«tu«, longitudinally disposed, and generally 
divisible into two layers. 

Uiddle-sized Veins->Present: 

Iknie Goat. — ^Formed fh>m within outwards by a layer otpwoemeni 
epit}uAiuv\ one or more layers of wvtdeaML fibrous tis9%k6 lon- 
gitudinally disposed, and a longitudinal layer of reticulated 
yellow ekuttc fibrous Ussus. 

HiDDLi Coat. — ^Formed of aXtemating Zongttudinai ^ etreuIcN' loysri , 
the former consisting of vihiU ^ rtUcuUtML yeUoto elastic 
fibrous Hssuesy the latter of the same tissues with circular 
muscular^/T&ref .— The muscular fibres are most developed in the 
splenic & portal veins. 

Oima Coat. — Consists of eonnscHve tissue longitudinally or obliquely 
disposed. 



Larger Veins — ^Have a VUek middle eoai, in which, however, the 
muscular tissue is but scanty. 

Very Large VeinB— »Have a remarkably thick o^Oer coat, which, 

Xially in the large veins of the abdomen, contains a consider- 
number of longHudinal muscular fibres (Remak). — ^The venae 
cavsB A pulmonary veins present near tiieir termination a laver of 
striated muscular fibres continued upon them firom the auricles. 

Plain museuLoT fibres are aJbundarU in the veins of the gravid uterus. 
They are, on the contrary, wamHng in the veins of the maternal 
part of the placenta, in most of the cerebral veins, the sinuses of 
the dura mater, the veins of the cancellous tissue of bone, and in 
the venous spaces of the corpora cavernosa. 

The valves of the veins are formed by a reduplication of the inner & 
middle coats. . 

The coats of the veins, as well as those of the arteries, are supplied 
with nutrient vessels, the vasa vasorum. Small nerves have also 
been traced on some of the larger veins of the abdomen. 
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VENOUS CIRCULATION 



1m tqvdbiU, ilowflor than the arterial, bat maeb qaioker than the capillary. 

Its WMragtteheitifiBabovt l.ard</thatof the arUrial in the eorrujfsndinq ptriphtnU 
9ttnt, the aggregate oapaoity of which la aboat three times that of tne arteries, 
^is Telocity ineneues, howeyer, ae the blood advances towards ike heart, in 
proportion ae the aggregate capacity of the yelns diminishee, and in the vena 
oaw it approximates that of the blood In the aorta. The motion of the blood in 
the yelns is subjected, however, to many disturbing causes, such as the inter, 
mlttent eflbets of muscular pressure, and the opposite influences of expiration k 
inspiration. 

The pressure or cmwardjbree of the blood in the peripheral veins varies Jrom l.lOth 
to IJKth (Potseullle), or is about l.Uih (Yalentin) of that of the blood in the 
eonreeponding arteries. Near the heart it diniiniehee still more, and in the upper 
peart or the vena cava scarcely any pressnre can be detected ; but then it must be 
rememboed that the auricles dime spontaneously. If Indeed, they do not aaslst 
the flow of the blood towards the heart. 

The wROiM eirctdation is aided fry the action of the eoZvet of the veins, and by the 
rapUraiory movements, 

TII6 VsilV8S — ^Axe ibund in aU the veins suXijeet to pressure /rom the swrounding 
mMsUes, and also in the svqperfieial veins, and are meet abundant in the extremities, 
particularly in the lower ones. They are absent in the veins of less than a line in 
diameter, in the veins wUhin the cranium, spinal canal, A abdomen. In the 
pulmonwy k umbilical veins, the veins of the cancellous tissue of bone. A 
nw yalves exist, however, in the spermatic veins, and one is found at their 
respective points of junction with the inllnior vena cava k the left renal rein. 

They are semiUnnar in form. Their free concave margin is directed towards the 
heart ; they are attached by their convex margin to the wall of the .vein, which 
is dilated immediately above them. They generally lie in pairs. 

They are formed by a rtduplicaiion ef the two inner eoats ot the veins, and consist of 
eonnective tissue and elastic fibres covered with a layer of pavement epithelium. 

The design of the valves is twofold : 

1. Th^ divide the column of blood and <a«i the waUs qf the veins from the 
mUirs pressure qf the whole eolvmn ; thrv are, therefore, on the latter account 
most needed in the unsupported superficial veins, where they are also most 
numerous. It is, however, inaccurate to say that they are Intended to do away 
with the cbstaols presented by gravitation to the venous circulation; this 
obstacle has no real existence, since the column of blood in the reins is supported 
by the equal weifdit at the column of bUwd In the arteries. 

t. In the d«q» veins their action, combined with that of the, surrounding 
muscles, is a powefffiA ottManl to the venous eirmtloMoa. When a vein is com. 
pressed by an adjoining muscle in a state of contraotioii, the first pair of valves 
m the direction of Uie capillaries closes immediately { the blood is then forcibly 
driven in the direction of the heart. It will easily be seen that it is the rapid 
nooesaloa of muscular contractions, and not their duration, that assists the 
Tenons circulation ; were it not for the anastomoses of the veins the prolonged 
duration of the muscular contractions would even haTO a contrary eflbct. 

The Respiratory Movements. 

Inspiration.— It was Sir D. Barru who first showed the oapiiraHon or nuMsn 
ef iks blood imto flU Ihntac during impimtioa, br the experiment of a bent glass 
tube introduced at one extremity into the jugtuar vsin of a herse, k immersed at 
the other extremity in some coloured fluid: the fluid was drawn up into the 
tube during each inspiration. It is, howsTOr, onlu in the veins qf the lose pf the 
neefe, the walls of which are more or lees attached to bones and are supported by 
the deep cerTical foscla, that the influence of inspiration extends to any diiteiioi 
OMi ^ Ms thorax ; the opening of any such Toins often glTes rite to the now welL . 
known phenomenon of the aipiration of air Into the circulatory system. 

IiZpiratlon.~l^a«M(n Ou arterial etreulaUon by increasing the pressure in 
the arteries ; Ite^eei on lA^wNoiucifvuIaiion must oe the rcMTte. Theaethmof 
the valves prevents, however, any roM expiraioni movement from eerieiialj 
impeding the efmilaften ; prolonged expiratlOBs xapldly pradace congwtSoB of tke 
bead ft neck. 
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THE CAPILLARIES 



l^rm a micnMCopicol network, which is everywhere interposed between 
the arteries i the veins, except between some of the arteries and 
veins of the erectile stmctores and of the spleen A maternal part of 
the placenta. 

This network is much more uiK/brm in the mm ^ shape qf its fneshes 
than that which is formed by the anastomoses between the small 
arteries & the veins ; the vessels which form it maintain the same 
diameter throughout. In form it presents three principal varieties ; 
the meshes being either rounded^ as they commonly are, or eUmgaUd, 
as they are in the muscles and nerves, or arranged in loeps^ as they 
are in the papilla of the tongue St skin. 

Th« more active the functions of an orsan or tissue are the more tiufiMroiis are 
its capillaries. In the lungs, theliver, & the choroid coat of the eye, in 
which the capillary network is closer than in any other structure, 
the interspaces between the capillaries are smaller than the capillaries 
themselves ; ligaments, tendons and allied structures are but slightly 
vascular. 

The usual diameter of the capillaries is ahout l-SOOOth of an inch. 
Among the largest capillaries rank those of the skin, and those of 
the marrow of the bones, which are sometimes I -1200th of an inch in 
diameter ; among the smallest are those of the brain & of the mucous 
wMmdmiM qf the smaU intestine, the diameter of which sometimes does 
not exceed l-4600th. The so-called serous vessels, which were 
described in the cornea, and which were said to be too small to 
transmit the red globules of the blood, are now not generally 
believed to exist. 

The walls of the capillaries have until lately been believed to consist 
simply of a transparent structureless metArane, formed of a single 
layer of flattened nucleated cells, which are so perfectly joined 
together that their nuclei alone can be distinguished like so many 
minute oval corpuscles, imbedded at intervals in the otherwise homo- 
geneous wall. EsternaUy to this membrane there is 11010 believed to 
exist another homogeneous structure, on the inner surfeuM of whioh the 
epithelial scales are laid down. 

Two varieties of large capillaries, or vessels of (roiifiMon between the 
ordinary capillaries and the arteries k veins, are described by some 
authors. On the smaller of the two a thin layer of circular muscular 
fibres can be seen ; on the larger variety an additional ooverina of 
oonnective tissue begins to appear. 
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cafHiLaby gibcxtlation 



Can easily be cburved with the microscope tn oH tTitn, tmntpurmi parU, 
such as the web of a frog's foot^ the tail and gills of tadpoles or 
small fishes, or the mesentery of small qnadrapeds. 

Is remarkably slow ; and it is uniform, at least in the strong and healthy 
adult. 

Its velocity is greatest in the centre of the stream, which is occupied by the 
red globules. At the sides is a " stiU layer'' qf liquor sangwrns, 
apparently motionless, in which lymph corpuscles may sometimes be 
seen moving slowly along, or even adhering to the walls of the 
vessel. 

In very young amnuds, and also in adults when much blood has been 
lost, or when the heart's action is weak, the motion of the blood in 
the capillaries, on account of tiie incomplete distension and im- 
perfect elastic recoil of the arterial walls, becomes puljatory, and 
even intermittent when the degree of exhaustion is very great. The 
red globules are even seen occasionally to recede a little during the 
intervals of the arterial pulsations. 

The rate of the capillary circulation in the frog is about 1 inch per 
nwMUe, or l-GOih qf an inch per seoor^d, in the systemic eapUlaries, and 
about )Sv0 times as great in the pulmonic capillaries. It is estixnated 
that the velocity of the capillary circulation in man and in loorm- 
Uooded animals is about two or three times as great. 

The slow course of the blood in its passage through the capillaries is 
confined to a very short space, for the whole length of the eoptUary 
vessels through which in any one paai of the hody the blood has to pass 
before reaching the veins, does not exceed l-dOth of an inch; the time 
duiring which the blood is detained in the capillaries does not therefore 
exceed one second. 

The slowness of the capillary circulation is due to the widening pf the 
etream of blood in the capillaries, the aggregate sectional area of 
which is much greater than that of the arteries or veins, and also 
to the greatly increased resistance arising from frietum. 

When cold or any irritating substemee is applied to a part, the capillaries 
are seen to diminish in aise. The^, however, properly speaking, cannot 
be considered to contraoU It is the arteries alone that contract ; 
less blood then passing through the capillaries, the elasticity of the 
latter causes them momentarily to shrink. The capillaries do not^ 
therefore, appear to exert any direct mechanical influence over the 
movement of the blood. It is probable that it is some increased 
tendency of the globules to adhere to each other A to the walls of 
the capillaries that causes the partial or total arrest of the circula- 
tion in inflamed parts, A also in the lungs during asphyxia. * 

It is in the capillaries that the blood comes in closest contact witn the 
tissuei^ and that those interchanges principally take place which 
ensue in the processes of nutrition & secretion. 
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ALLANTOro or PLACENTAL FCETAL CIECULATIOK. 



The arterial blood rotoms from the plaoenta tiuongh the wmhiUeaf «0i», whloh TVia 
in the longitudinal flmue of the Ixver t— 

A, gives off a few amaU bftmcAet to the lobaa qnadzatns A the loboa BpiffslU of the 
liver, and a few email hranohes and one large one to the left lobe (which 
latter large branch becomes alter birth the left taranch of the vena ports) s 
B^ cKvidM into two terminal bramdua, of which 

One, the laxger, Join$ the upper part of the total portal voin (which upper 
part Bubseqaently beoomee the right branch of the portal vein of the 
adult)'-wMte 
I%i other, the smaller, termed the ductus Tenoens,/oiiu the 1^ hepoHo 
vein at the point of iunction of the latter with the inferior yena cara. 
AU the blood from the umbilical yeln passes thereftxre into the it^erior ema oovo, 
eiihtr dirtdiy or iiwiirsetty. 

The blood passee from the inferior vena cava into the righi emridt and is guided 
from thence by the Bustaohian yalye and the foramen ovale into the l</l onrtoto, 
from which latter cavity it descends into the ^fl vetdride. 

It is propelled bv the left ventricle into the arth of the aorta, ftom whence it ascends 
almost eDtiieiy to the head, fuck, amd %pper extremitiu, a very small quantity 
passing down the descending aorto to the remainder of the body. 

mm the head, neck, and apper extremities the blood rcinnu by the euperior vena 
cava to the right amrieU. 

This time it passes into the rioU Mninele. 

Fkom the right ventricle it is propelled Into the pulmonarv arterf.^Ynj little 
blood goes to the lungs, which are almoet impervious ; nearly all passes through 
the dwetua arterioeue into the deeeendiHg aorta, by which it is conveyed to tne 
trunk and lower extremUiee, a part returning to the plaeenia by the n^^pogaetrie 
arteriee, and their oonHnuation, the umbilieal. 

In thie oowree the arterial Uood is eeoeral time$ admiaced wUh venout blood, no part of 
the bodv, except a small portion of the liver receiTing absolutely pore arterial 
Mood ; tnus :— 
On entering the Ueer the principal current of arterial blood is mixed with the 

blood of the portal vein; 
On entering the ieiflBrior vena cava the mass of the arterial blood is mixed with the 

blood retummg from the lower extremities ; 
Whentravereing/br tke Jlret time the right auride, the arterial blood probably 

bears awaj with it a part of the blood retumingto the heart by the superior 

yena cava. 
It Is this '* orieHaP * Uood, three Hmee admixed with venmu blood, relatively pure, 
however, that passes up tothehead, nedt^and upper extremitiee, hence the relatively 
greater development of theee psrts.— it is onlif after this blood has eireiclatoel 
t^omi^ ihe htaa, nedt, and upper eadremMia thai it is returned to the heart, and is 
thence directed, <tfler having received but two dight additiont qfmirer blood In the 
right auricle and from the arch of the aorta, toipordt the trunk and lower sKtremitict ; 
hence the leeser dcTelopment of the latter. 
At birth an inereaeed amount of blood paeaee from the pulmonary artery to the hrngt; as 
this blood rdume aeratod to the left auricle bv the palmonanr veins, an inereaeed 
mipply qfpure blood ie received bythe^fl dde (J the heart ; the doeure of thefbraenen 
ovale soon ctojM the arriveU of t/^ mixed \lood, which previously distended that 
eavity.^The pwre ortoriol blood is'soon propelled eouoUy inUt the arteries of the 
fttod. naikt and uppnr eedremiltiiu and into tiU descendtna aoria, fiir the clorare of the 
ductus arterioeus stops the aiTlyal into the latterhressel of the current of mixed blood 
from the right side of the heart, which current nad hitherto impeded the descent 
towards the lower extremities of the blood propelled bythe left ventricle. All 
the parts of the body then receiye equally pure blood.--The placental ctroulaticn 
oeaslng. ike uwh^JHad arteriee A veine and ike dmdue venoeue become oblitoated 
and tran4^orm«d into>lbroiM oorde, the arteries remaining pervious, however, under 
the name of euperior seficoX, as fer as the bladder, the upper part of which thiQy 
supply. 



APPENDIX 



TO 



CIRCULATION. 



i***» w^^^n^im^i^jl 



I ->CTION OF THE HEART. 
II-SCHEMATIC CIRCULATION. 
I1I.-SEC0NDARY WAVES. 

IV -EFFECTS OF VASO-MOTOR ACTION, AND LOCAL YASO-MOTOR 

MECHANISMS. 
V.-COAGULATION OF THE BLOOD. 



(See also pages 12^ and 24 & 25^ in Appendix to Respiration.) 



8a 



ACTION of the HEART. 
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I 



Visible Movements : 

[CuisT OPENED, HeAKT EXPOSED, ARTIFICIAL BeSPIRATION KEPT UP.} 

peristaltio wave mns along the great reins (soperior A inferior caveo, & palmonarr) 
towards the auricles, increasing in intensity as it progresaes. 

This wave then spreads rapidlj over the anricles : The walls of these cavities are pressed 
towards the anricnlo-yentrionlar openings; the appendices are drawn inwards, and become 
smaller & paler. The ventricles become turgid. 

As the wave reaches the ventricles, these become harder, more ronnded, & shorter. Their 
base moves downwards towards the apoz of the heart, and, as a conseqaence, the aorta & 
pulmonary artery elongate. The apex of the heart moves forwards & to the right, exposing 
more of the left ventricle. 

During the diastole the ventricles flatten & elongate $ their base is drawn upwards \>J the 
shortening of the aorta & pulmonary artery ; the heart turns backwards & to the left. 

The, three Pins inserted into the Heart , 

If three pins, inserted through the chest- wall into the apex, middle, & baae of the ventricles, 
are carefully watched during the beats of the heart, the heads of these pins will be seen respec- 
tively, that of the first one merely to quiver^ that of the second one to incline slightly upwards, 
that of the third one to incliue upwards a good deal more. Further, the nearer the middle 
pin is to the lower one, the less it moves ; the nearer it is to the upper one, the more it moves. - 
This shows that the apex of the heart does not more in the yertical direction, and that the other 
parts move downwards towards the apex in proportion to their distance from ii^ After death 
the beads of all the three pins are inclined downwards, showing that the hearty as a whole, has 
been drawn upwards by the shortening of the aorta & pulmonary artery. 
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ACTION of the HEART (continued). 



Begistration of the Beats^ and of the Variations of Intra-Aoricular A Inttar 
Ventricular Pressure. 

(OaSDIOGEAPH applied to chest-wall, small elastic BAOS COMlltJNICATINO WITH SEPAEATI 
TAMBOUBS INTBODUCED THBOUOH INTEBNAL JUOULAB VEIN INTO BIQHT AUBICLE A BIGHT TENTBICLB Of 
▲ HOBSEj OBDINABY BECOBDINO APPABATUS.— Harey). 

Oonnting the cycle from just after end of rentricnlar systole, we find : 

1. - Sftaify rise of auricular^ veniricular, k eardiographie mrvesfor about -^of a second: - Th« 
blood, ponred from the great veins into the anrloles, increases the pressure m these cavities i 
ponred from the anricles into the yentricleSi it increases the pressure in the latter; the distended 
Tcntricles press against the chest- wall. 

8. - Sharp rise and fall of auricular curve occupying together about ^ of a second; slight correS" 
ponding rise ^ fall of ventricular &* cardiographic curves: - Contraction & relaxation of anriolea^ 
distension of yentricles, slightly increased pressure of the latter against chest-wall. 

8. - Great &* sudden rise of ventriculctr curve lasting^ with hit a slight decline and a few undula^ 
imu^for about 8J-10/Af of a second; corresponding rise dr* undulations of cardiographic curve; slight 
undmations of auriatlar curve : -Yentricnlar systole; beat of heart against side' of chest. - The 
intra-yentrionlar presaore rapidly reaches its mazimnm, which is all bat completely maintained 
during the time specified. The nndnlations are probably dne to vibration of the aoricnlo- ventri- 
cular valves. 

4b - Great A* sudden fall of ventticular curve, and corresponding fall of cardiographic curve^ 
lasting about S4 10-M/ of a second: - Yentrioular diastole ; end of the beat. - Both curves, and 
also the auriculeur curvci present here a slight transitory rise probably due to the vibration of 
tiie semilunar valves. 

The cardiac cycle lasts therefore about U of a second. Nearly half ihlB time is occupied 
by the systole, first of the auricle, then of the ventricle ; a little more than half is occupied l^^ 
the * passive interval/ or period of repose of the heart. 

The Work done by the Heart, 

During their systole, the pressure in the right and left ventricles is respectively about 8d or 
40, and about 200 mm. of mercury, the total pressure corresponding to that of about 3 metres of 
blood. Taking the quantity of blood ejected by each ventricle during its systole at about 180 
grms., or 6 ounces, this gives a total of more than 000 grammetres A work for each beat^ or 
about 00 or 70 thousand kilogrammetres per day. Taking, further, the total quantity of blood 
in the body at ^ of the body weight, it Is clear that the whole of the blood, or a quantity 
equivalent to the whole of the blood, must pass through the heart in between 80 & 40 boatj, or 
in about ^ a minute. - The i>re88ure in the right auricle during its systole is about 2 or 3 mm. of 
mercury ; this pressure is said to beoome negative immediately after the systolOb The pressvi* 
in the left auricle has not been ascertained* 
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SCHEMATIC dBCULATION. 



Attempts at an artifioial imitation of the oirciilation of the blood throw considerable ligbt 
on the circnlatorj mechanism : 

Let us consider the action of a foroe-pnmp combined with 

l.~A Systitti ofRi^d Tubes, - Daring each stroke of the pump there escapes from the distal 
end of the system just as mnch fluid as enters at the proximal end. In ererj part the flow 
is intermittent and synchronous with the action of the pnmp. It matters not whether a 
resistance be introdnoed, in imitation of that opposed by the small arteries & capillaries to the 
moyement of the blood. Saoh resistance would diminish the quantity of fluid issuing at the 
distal end simply by diminishing the quantity entering at the proximal end ; it would not modify 
the intermittent charater of the circulation. 

II. - A System ofEkuHc Tubes without a Resistance* - Such a system is practicaUv the same 
as the foregoing. The outgo being easy, the elasticity of the tubes is not called into play; the 
flow is still intermittent k synchronous with the strokes. 

in. - A System of Elastic Tubes wiih a Resistance Interposed* - On the one hand, the flaid, 
being unable to pass the resistance as rapidly as it enters from the pump, tends to aoonmnlate oa 
the proximal side of the resistance. On the other hand, the distended tubes, reacting upon the 
accumulated fluid, tend to force it through the resistance during the interrals of the strokes. 
The flow tends, therefore^ to become continuous. And if the resistance, the force of the pump, 
and the elasticity of the tubes are all sufficiently great, the flow will practically become, not only 
continuous, but eqnable. For then the greater part of the force of the pump wonld be spent in 
getting up, and afterwards in keeping up, the 07er distension of the tubes, and it wonld be left 
mainly to the elastic recoil of the tubes to keep up the flow. 

This is not a bad simile of the Tasoular mechanism : - The elastic and distended arteries 
are continually striving to drire the surplus blood they contain through the capillaries into the 
reins s and the heart is continually oyerfilling the arteries, and keeping them distended. 

Should the arterial walls lose their elasticity, or should the arteries cease to be dis- 
tended, either through insufficient action of the heart, or through greatly di m in i shed resistanoe 
on the part of the capillaries, the Tenons oironlatioa would immediately become more or less 
pulsatcry, or ereq Vttermittent. 
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SECONDARY WAVES 



8<eond anr Sehematle Waveg. 

Two kindi of Beoondarj wares may be deyeloped in the sohemai waves ofoscUlaHon 9infl«tsd 
wavis. 

The waves of oseiBaiion are dne to the inertia of the fluid & of the elaitio tabei. Therefore 
the denier the flmd, the more extensible & elastio the tubing, the more sudden the stroke, and 
the less the pressore, the more marked they are : if meronry be used, they are very oonspionousi 
if the tubes be filled with air, they are almost absent. They form a regular decreasing serial 
snooeeding the primary wave and trayeling in the same direotion & at the same.rate. 

RefleeUd waves ooonr when the oiroulation is arrested in any part of the schema by tfaa 
blocking of the tube. These waves trarel at the same rate as the primary or direct wares, bat 
in the opposite direction, i e., backwards towards the pump. 

At the block each reflected ware blends with the corresponding primary or direct wafoi 
At any point of the tube between the pump & the block, each reflectMl ware follows the corra^ 
ponding direct ware at an interral of time proportionate to the distance between such point U 
the block. 

If the relation be considered between a reflected ware and the next ensumg direct ware^ li 
will be seen that, in its retrograde course, the former meets, blends with, ana then separatss 
from the latter at a point in the schema^ the situation of which point will depend jointly upon 
the length of tube between the pump & the block, and upon the length or rate of succession of 
the direot wares. 

U^ therefore, the recording lerer be suooessirely shifted firom one point to another, or If 
sereral lerers be applied to different points of the tube, it will be found (1) that the inter?al 
between the refleotea ware and corresponding or preceding primary ware decreases with tlio 
diminishing distance between the i>oint obserred & the block, and (2^ that the interral between 
the reflected ware and the next ensuing direct one first decreases with the diminishing distanoe 
between the point obserred & the pump till it becomes nil, and then again increases with sndh 
latter diminishing distance. 

The seoondazy schematic wares throw considerable light on the 

B^oondanr Poise-waves. 

^rfWfc I, j<Mi »>■ I ■■ii mmjMmt >ii I I — ■ -■ ■ I — rn ■ i ii i 

Two are usually recognised, ^^ fredicratie or tidal, & the dicrotic; the latter, which oooars 
towards the end of the descent, being the most marked of the two. 

There is in fact some uncertainty with regard to the former. In some oases it wonUI 
appear to be due to the ribration of the spring of the sphygmograph, for it is sometimes wanting 
when no spring is used, and when the spring used has a uiort ribration-period, it may be brokem 
up into a series of two or more undulations. When dearlr physiologi(»J, it appears to coinoido 
with the first of Ihe series of undulations of the rentricnlar curre which follow the sudden rise 
due to the rentricnlar systole. 

The (Xerotic ware is sometimes so marked as to giro rise to the appearance of a double 
pulse ; sometimes both it and the tidal ware are scarcely perceptible. It is most pointed in the 
aorta & in the large arteries near the heart. 

Neither of these wares is a reflected ware, for the interral between either & the primary 
ware is found to be the same in whaterer artery the pulse be recorded. Hence these wares 
tnrel in the same direction as the primary ware, i, e,, towards the periphery, and at the same 
rate. They are, therefore, wares of oscillation. 

But, if they are wares of oscillation, how is it that the second one (the dicrotic) is more 
marked than the first (the tidal or prediootic) ? Some event must intervene to exaggerate this 
particular ware. This erent is probably the sudden closure of the semilunar ralves. 

The occurrence of the secondary pulse-wares is faroured by the same conditions which, in 
the schema^ farour the production of wares of oscillation, i. c, sharp rentricalar systole, low 
pressure, perfect elasticity and extensibility of the arteries: Dicrotum may be induced by 
diminishing the peripheral resistance through section of the splanchnic nerres ; it is not seen 
in arteries rendered rigid by disease. 
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EFFECTS of VASO-MOTOB ACTION.— Oeneral View. 



JPWE 0T8 of ABTKBIAL DILATATION. 
Are flrst Looal:- 

The DnciNunoN or PfisasvBB nr pasbing nox the Aetbeies nno tee Ybinb b lbs 

■AEKSD THAH U8UAI* HoilOd 

Tke Pressure mi ike Veins is increeued^ and 

Tke Pressure mi /A^ Arteries is dismmshed. - The pressure in the arteries bomg 
diminished, the arterial walls are less distended, their eUstioity is called mlo 
play to a less extent, and to a less extent also is the intermittent onneiit 
equalised : The oiroalatton in the veins is therefore pulsatory. 

ICoEE Blood is Aooumulateb in the AprECTED Aeea, and the Flow of Blood theocgh 

IT IS acceleeated. Hence 
The Sum Tifial of the MUecular chants is increased^ and the Temferaiure is raxad, 

Iferertheless 

The Blood is less completely Dearterialised^ and, in the Teins, it has still the arterial 

hoe. 

Then General : - 

The Geneeal Aeterial Peessuee is lowbebd, through diminished peripheral resist - 

anoe in the affected ana. 
The Total Quantity op Blood ik thb other Areas rs diminished, through more 

blood being aocnmnlated in the area affected 

aFF K C'l'B of ARTERIAL CONTRACTION. 
Are first Local : - 

The Dihinution op Pressure in passing prom the Abteeies into the Veins is uou 

MAEKED than USUAL. Heoce 
The Pressure in the Arteries is increased^ and the pressure in the Veins is dimistished. 

Less Blood is contained in the Atpected Area, and the Flow op Blood through it 

IS retarded. Eeace 
The sum total of Molecular changes is diminished and the Temperature is lozivnt. 

Notwithstanding that, 
The Blood is more completely dearterialised than ustutl^ 

Then General :- 

The General Arterial Pressure is increased, through increased peripheral resistance 

in the affected area, and 

The Total Quantity op Blood in the oihbk Areas n also inceeased. 
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EFFECTS of VASO-MOTOB ACTION. -Special View. 



Onlj the genaraly or only tho local, effeota maj be oonBpioaoiiB ; gr both may be well marked, 
one in one direction, the other in the other direction :- In a rabbit under the inflnenoe of 
nrarl, irritation of the central end of the divided great anrionlar nerre indaces both a 
general riae of the arterial presenre, and the dilatation of the arteries of the ear. 



LOCAL VASO-MOTOB MECHANISMS. 



Local TaBO-motor mechaniBms capable, not only of maintaining, bnt^ within oertafn 
limits, of regulating local arterial tone, are inferred from the following facts : - 

In the apparent absence of all disturbing causes, certain small arteries are 
seen to vary greatly in sise, these yariations assnmlng sometimes an almost 
rhythmical character. This is the case with the principal artery of the ear of 
the rabbit. If the sympathetic be divided, these variations will cease for a few 
days, but will then recommence and continue as before. 

The increased vascularity induced by the division of vaso-motor nerves, 
disappears almost entirely after a short time, leaving the parts apparently in 
their normal condition, and still capable of increased or diminished vascularity 
under irritation. 

The circulation of the submaadllary gland seems to be influenced by a centre 
of its own (See Appendix, page 40"). 

The normal condition of the ereotUe organs appears to be independent 
of the integrity both of the spinal oord it of the n^rvi erigmtes (See pages 88 & 100). 

As to the nature of such local mechanisms, if they exist, we are entirely in 
the dark : no ganglia have been found either in the rabbit's ear, or in the web 
of the frog's foot, where similar vascular variations may be observed. 

The subject of the comtricior ^ diitUar nerves is disoussed pages 109 & 110. 
See also Appendix pags 12> (after page SO'A). 
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GOAaULATION of the BLOOD. 



Is oanaed br iU beooming perrad^d hy a meshwork of fine graniilttr fibres of fibrin due to tte 
mteraotion of three faoton^ - JIMtw/lasim, fhrmoMH^ ^ fiMn^firmnU; • the latter feotor 
resulting from the death of the white blood oorposoleo^ and being set tee bj their djiiateg- 
ration* * 



THB THREE FIBBIN-FA0T0B8. 

F IBBIW0PLA8TIN ft FIBBINOQBN. - P LABMmg. 

Fibrinoplastin & fibrinogen are globnlins (Y. Animal Ohendatry) found in 
many paria of tiie bodj, and aoaimilar to each other that th^ can loaroely be 
diittngoiBhed. They are both insolnble in dietilled water, and in ntnraked 
nentral saline solntions, (lodiiim chloride, magnesiom Balphate, eta), bat 
soluble in diiuie neutral saline solutions. The^ are prepared through preoipi. 
iation from tiieir solutions bj one or other of the following methods, namc^, 
by saturating these solutions with sodium chloride^ or by diluting these 
solutions with from ten to twenty times their bulk of water and then driving 
through them a brisk current of carbonic add gas i The predpitate of fibrxoo- 
plastin is first fiooculent, then granular { the predidtate of fibrinogen is riscona k 
adherent to the bottom of the containing Tessel, and it takes a longer time to 
appear. 

Fibrinoplastin is usually obtained from blood'4»rum; but it may also 
be obtained from oonneotire tissue, the cornea^ etc lilninogen is usoal^f 
obtained from serous transudations, such as the pleural, pericardial, & pen* 
toneal fioids, & the fluid of hydrocele. 

A clot is formed when solutions of these two bodies are mixed together, 
or when fibrinogen is added to serum, or fibrinoplastin to hydrocele finid. On 
the other hand, serum deprived of its fibinoplastin, and hydrooele finid deprived 
of its fibrinogen, hare lost all coagulating power. '^^.^ 

Fibrinoplastin & fibrinogen can be obtained together from any fiuid con- 
taining them both, e,g. uncoagulated blood-plasma*. On saturation with 
sodium chloride, unccSgulated blood plasma yields a white^ fi^^i ^nd some- 
what sticky precipitate termed ftasmim (Denis). This is a mixture of fibrino- 
plastin & fibrinogen. It is soluble in a culute sodium chloride solution, or, in 
fact, as above prepared, in distilled water, since a certain amount of aodiiun 
chloride then remains adherent to it The solution is at first perfectly fluid, 
but it soon becomes viscid, and then clots like blood plasma. 

FIBRXH-FBRMENT. - v. Next Tablet. 

*E^., the plAsma either of horte's blood, which may be kept from eosgolallng 
by simply lowering the temperature to about 0^ C, or of any other blood, 
which may be kept from coac;nlating by Its being mixed with one third of its 
bulk of a Batarated solution of some neutral salt, such as magnesium sol- 
pliate. - ■ " 
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FIBRIN-FERMENT. 



This, like the digestive ferments, is a uou-uiirogenous substanoe, which acts 
oataly tioally on the two other fibrin-factors, f>., promotes their anion and the consequent 
formation of fibrin, without entering into the composition of the fibrin prodnced. On 
being added to nncoagnlated blood-plasma, or to anj fluid containing both fibrino- 
plastin & fibrinogen, it gives rise to a rapid coagulation, while a relatively slow coagulation 
would otherwise have taken place ; but this addition in no wise affects the quantity of 
fibrin produced. Neither does any coagulation result from fibrin-ferment being added 
to a fiuid containing either fibrinoplastin or fibrinogen alone* 

This fibrin-ferment results from the death of the white corpuscles, and is set free 
by their disintegration. Some of the facts proving this are easily observed with the 
microscope in the case of the blood of the horse, which blood coagulates but slowly if a 
low temperature be maintained : - No coagulation takes place till some of the corpuscles 
begin to break up; and then the first threads of fibrin are seen to radiate from these 
broken up corpuscles, as from centres. 

The fibrin-ferment can easily be obtained by the alcohol & water and alcohol 
& glycerine methods employed for the preparation of the digestive ferments (V. Appen- 
dix, page 36^), and the circumstances connected with the preparation supply further 
facts in support of the foregoing statements : - If blood-serum or defibrinated blood be 
received into about twenty times its bulk of alcohol, and the coagulum be first left to 
stand under alcohol for some time, and then be dried and extracted with water or 
glycerine, the extract, though containing little or no proteid material, will be found to 
hold fibrin-ferment in solution. The solution will be a weak one if the blood-serum or 
defibrinated blood is operated on soon after the blood is poured out from the vessels; it 
will be much more active if the operation is delayed for a time, especially if it is delayed 
till coagulation sets in. Farther, if horse's blood be used, and if, by cold or otherwise, * 
it be kept from coagulating till the red corpuscles have sunk to the bottom and the 
white ones have floated to the top, it will be found that fibrin-ferment can be obtained 
in abundance from the upper strata of the fluid, in small quantities only from the lower 
ones. And again, if a portion of the upper strata of the fluid be flltered and thus freed 
from white corpuscles, little or no fibrin-ferment can be obtained from them ; from the 
residue, on the contrary, t^., from the white corpuscles themselves, a large amount 
of ferment can be extracted. All fluids spontaneously ooagulable are rich in white 
corpuscles ; and the more abundant these are, the more pronounced is the ooagulatioD. 

*E^., by dilution with a saturated solutton of some neutral salt, such f'^^J^J^"'}^^ 
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HOW BB8T TO OBBSByE THE PROCESS. 



The prooeas of blood-ooagulatioa oan be retarded, and oui then be 
more easilj waiobed^ by tbe blood being diluted with a ooii« 
aiderable proportion of a weak aodinm chloride ■ointion, <->■■/ 
with flftjr times its balk of a •Tfi per cent, solnttoo. Fine fibrils 
of fibrin will then be seen to spring from the sides & bottom 
of the Tessel, and^ Httle by little^ to extend thronghont the 
mass, which will now beoome first Tisdd^ and then more opaque 
& jelly-like. If picked up on a needle or glass rod, the fibrils 
will shrink into a small stringj mass, whioh will fioat In the 
flnidi and, if the fluid is stirred from time to time^ aU the 
fibrin can be remored piecemeal, and coagulation entirelj pre- 
Tented. When fresh blood is whipped with a bundle of rods, 
the rods become coyered with a mass of shnmken fibrini and 
no coagulation occurs. 
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KOTES. 



Ife would appear that the fibrinogen is a normal oonstitnent of the blood-plaama} bat 
that the white corposoles are the sooroe, not only of the fibrin-ferment^ bnt also of the fibrino* 
plastin : - Filtered blood plasma coagulates, not only slowly, on acoonnt of the small 
amonnt of fibrin-ferment present, bnt also feebly. This is dne to the small amonnt of fibrino. 
plastin it contains ; for if fibrinoplastin be added^ the dot formed will be as abundant & 
firm as that which can be obtained from the same amonnt of unJU/ered 'pl^smA, 

Those corpnseles, which are clearly seen, in the blood of the horse, to be intermediate in 
character between the red corpuscles & the white ones, f>., to be nncleated cells whose 
protoplasm is loaded with hsemoglobin grannies, are also belieyed to be a source both of the 
fibrinoplastin & of the fibrin-ferment (Schmidt). In the lower Tertebrates, the nucleated red 
corpuscles, which are clearly the homolognes of the abore-mentioned intermediate forms, 
appear eren to give off, not only fibrinoplastin & fibrin-ferment, but also fibrinogen. 

fibrinoplastin prepared by the saturation method always contains a certain amount of 
fibrin-ferment : - The addition of fibrinopleistin eo prepared, either to uncoagulated blood- 
pi asrna^ or to pericardiac fluid, greatly accelerates coagulation. The fibrin-ferment 
appears to be absent from fibrinoplastin prepared by the carbonic acid method. 

The fibrinoplastin & the fibrinogen do not appear to unite in precise & definite pro* 
portions, as do an acid & a base : in whaterer proportions they are brought together, the 
quantity of fibrin formed is always less than that of the fibrinoplastin present. 

The conception of tbp coagulation of blood as a chemical process, though, from the aboye 
fact, it does not appear well founded, has nevertheless the advantage of giving an easy expla- 
nation of the accelerating infiaence of such conditions as heat, motion, contact either with 
rough surfaces, or with porous or pulverulent bodies, etc. The influence of other conditions is, 
however, obscure: there is nothing which explains the retarding action of alkaline & 
sedative salts, of narcotic & sedative alkalis, etc., nor why a certain amount of some neutral 
Jttlt, such as sodium chloride, must of necessity be present. 
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COAGULATION in the BLOOD-VESSELS. 



DUBINQ LIFE. 



Caiises which Induce It. 

These are the presence of foreign bodies an^ the oocnrenoe of injured or diaeased 
spots in the rasonlar parietes. Such conditions attract, and then doabtless 
cause the death & disintegration of, a certain nnmber of white blood-corpnacles ; 
hence theprodnotion & effusion of the fibrin-ferment, which leads to the coagu- 
lation : - For a ligature on an artery to oanse coagulation, it must rupture the 
inner coat; and if this be done^ coagulation will take place whether the ligs^ 
ture be left in sUu or not. 

Causes which prevent it. 

We are driven to the conclusion that the parietes of the living vessel destroy the 
fibrin-ferment ; and it is asserted on the strength of experimental results that 
this is the case : - As a rule, no coagulation is caused by injecting into the 
vessels of a living animal either fibrin-ferment, or defibnnai»d blood; and, 
on the other hand, the ferment, which can be detected in the blood immed- 
iately after the injection, rapidly disappears. Other tissues, that of the 
pericardium, for example, also appear to have the same power of destroying 
fibrin-ferment, even alter death : healthy pericardial fiuid removed from the 
body immediately after death generally coagulates rapidly i if it be removed 
some hours after death, it does not coagulate, or coagulates bnt slowly & feebly. 



AFTER DEATH. 



Causes which induce it. 

Appear to be essentially the same as those which induce coagulation daring life, ^., 
the death & disintegration of white blood-corpuscles : - After death, the blood 
in the vessels does not coagulate till post*mortem changes set in ; and it will 
further be shown below thal^ when coagulation does set in, it commenoM where 
white corpuscles have previously accumulated. 

Causes which prevent it. 

Also appear to be essentially the same as those which prevent ooagnlation daring 
life^ f>., such as may be believed to cause destruction of the fibrin-ferment ; at 
least the facts drive us to this conclusion. And, in this sense, are we compiled 
to admit a vital power exercised by the blood vessels, i>., a certain normal 
relation or equillMum existing between them & the blood, which, as long as it 
is maintained, keeps the latter from coagulating. When this power wanesi, 
when this equUibrium beoomes disturbed, then does the blood begin to coagulate - 
jfirst in the largq^vtsuh^then in the smaller ones,* After being tied at both ends, a 
large vein may be excised, without the contained blood coagulating for twenty- 
four hours or more ; the same with the blood in an excised frog's hearty and 
with the fluid in an excised pericardium : neither will coagulate for several 
hours. The vein may be opened at its upper part, and thus transformed into a 
kind of test-tube open to the air, without coagulation oconring; and if two 
such test-tubes be prepared at the same time, the blood may further be poured 
out of one tube into the other, also without coagulation ooonxing. When 
removed from the vesseJs^ however, the blood coagulates at once. 

Anything which causes an accumulation of white blood ooipfasdeSi 
and thus overstrains, as we may suppose, the power of tlie liMSslu to 
destroy the nascent ferment, soon causes coagulation : - The oorposdleB cluster 
round any foreign body, such as a thread, needle, or pieoe of wixei and frGsn 
the nnoleus thus formed a olot is soon seen to radiate in all direotione. The 
tapering ooagnlum passing np, in a ligatured artery, from the ligature 
as far as the nearest collateral, is formed in obedience to this law. 

*/.#.. flint in thow vends, whers a lelatlTelv large amount of Uood it bal 
linperf eotiy restninad lh>in ooagolatins by a rehuttVebr imall amounl of amface ; 
than in thoae vaaaab, irhere a ratattrdqr h«P amoonl of suiaoe moie sSctatlr 
reatrslBs tlia ooagolatton of a relativi^ smau amoont of Uood. 

I U 



RESPIRATION. 
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MECHANISM of RESPIRATION. 



Tte »tr is ■lt«rBAta|j dittwa Into, and npdled from, tb« longs by ibit twv 
■nooeMlTa movanMiiU of Uufiftroiiom ^ mpiratitm, wbSob moTenenta ai« yb itow Mt 
by a foHM or period of xepoM of tba tboTKC. 



XnBpiratiOn — Oouisto in Um dOalaUoM ^ ih$ thorax by UNueiOar acMMHsnd 

In tba e o im gn wl d fato rttow or ii^/laMM o^ M« iwiyt, by ibe air miblng in Ibioofl^b 
tiia windpipe to fill np tbe tbrentened Taeaam. 

Iiiinipb«Uon» tbe th&rax it atloryisd in mth of «• Hunt dUmiitnt^ 

Tbe tnkurgemnU in iht vertUal dineiioni* alwnyi tbe grtatal, eepeelaUy intbe 
yoanff. and ie due to tbe deecent of (be dianJkra^m daring its oontraction. 

Tts enlargement in tiie two hariumial dUarndtn^ Tis^. tbe antero-poeterior 
and tbe traniTeree, is tnod moHMd crt tkt (owar pari ^ ihi ikorax in tbe mole, and 
at tbe wptrpati In tbe/molc, tbe diflteenoe conatitnting tbe two grand types of 

alrauon, tbe oMostinol or ii^rtor ooitel and tbe msciTor ootUA or podoroL It 
M to tbe eUoatUm ^ik$ Hb$ and oonseqaent tUoatlon k pr^jtetiem Jbngmdt qf 
Ikt dtnimm, and also to tbe roUUion ^ Ou ra>§ uvwarda round an axi§ paub^ 
ttfoagfc Ikeir aniorior and pootorior € «irc s i« (ef ■omewhat after tbe Ibsbion in wbtch 
tbe bandle of a bnoket Is raised. 

Tbe prinoipal Inspiratory mnsole Is tberefore tbe diapkragm. 

Tbe cNMBtttory ia^Mrotory wnueUo are tbe muscles tbat raise tbe ribs.— Tliey may be 
dlHded into mtm yroiipo, wbieb are reepectlTely caUed into play; In ordinary 
tranqaQ breatbing, in deep inspirations <mly, and in ertreme emergenoies only. 
Tbsse Qonps are t 

1. TbecaeifnMliafsreeiCab^ witb perbaps tbe part oTtbe internal tn t e i eo st a ls , 
comp ri sed between tbe eartilagee of tbe ribs, and tbe leratores costamm. It was 
supposed at one time tbat tbeextemal interoostals could not raise tbe ribe unless 
tbe uppermost rib were first fixed by tbe aealeni (and also tbat tbe internal 
intereoatals could not depress tbe ribs unless tbe lowsr ones were maintained by 
tbe abdominal muscles), bat tbis bas been sbown to be inaeourate botb theontL 
eally and by obserrations on UTing animals. 

1. Tbe anioriar ^ poolorior teSmi, tbe eenriealis aseendentee. tbe poeisrior 
superior serrati ; and also tbe ptdoralet m/^for k minor, «rrsl«w«a9n««,1atiaBfmuB 
doisl, k — ft cf aei m. wbea tbe scapula k clarlele, and consequently tbe bumem% 
are flked by tbe trapeaius, stemo mastoid, ISTStor aagull scapubs, k rbomboidsL 

S. ifeorly all t^sMietoa^ttf bocTy may assist teoiolMiiMpifatory^^nrte by 
remoTing ftom tbe tboraz, and fixing at a distance, tbe poinu of origin of tba 
taregoing ibusdes. and tbus rendsring tbeir action more efltalent : tba bead la 
tbrown back and the anas svs frequently uplifted in fits of dyspnon. 

XXplnitlOXI — OonsisU in tbe cla«Me reeoil ftf tkt whoU rupkraierp opporala^ 

wbicb recoil may be didtod^ eitber to a sllgbt or to a considerable extent, by the 
^M« fkorsa by siMOttlar aditm. 



The onKaory OKpkraierp mnadu avs tbe inlsmdl inttrtortaU (with tbe 
perbaps, of tbalr fbro part comprised be t ween tbe costal eartUages), to wlUch 
may be added tbe infracoetalee, tbe triangularis stemi. 



The d HuU k ar g mmaeln oi cayiralioa, wbieb are called into play in vohintaiT 
axpiratoty eflbits, as in speeking, singing, blowing, etc., or m cfjepncsa, are au 
tbe other muscles tbat depress tbe ribs, sucb as tbe abdoMiaal Atuebt, external k 
internal oblique, transveissles, recti, pyranddales, k quadrati Inmbormm, tha 



oblique, transveissies, recti, pyramwiaies, k quadrati inmM 
ii|/toior sirratf, tbe erectores smni^ and, when the scapula is fixed, tha 
Htjikg mmtum mafaat. Ntanp all ik$ wmtdn 9f(kt body may. 



mTidleat expiratory eflbrta. 

Xnflnenoe of the MervoiiB System over the Bespinftory 

Movements.— Tide Fbyaiology of the MedaUa Oblra«ata A of tha 
Ml 
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THE ACT of BB3!ATHING 



Is accomplished >rom 14 to 18 times per nUnvU in the adult, a little more frequently in extreme cm Bf^, 
about three times as often immediately after birth. Breatbins: is accelerated, however, by exercise, 
stimulants, great altitudes, moderate cold ; it is a little quicker in females generally and in persons of 
small stature. The normal raJtio between the number of the respirations and that of the heats of the 
heart is about 1 to 4 or 5 m advU age, and 1 to 3 or S| in childhood. 

The complete respiratory act is divisible into three parts, inspiration^ expiration & a period of repose or 
pause, the relative durations of which are respectively estimated by Br. Burdon Sanderson to be as 4, 
2, 9, the duration of the whole respiratory act being represented by 15. According to Dr. Sibson & 
Yierordt, however, inspiration is to expiration (pause included) as 10 to 14. 

During each respiratory act an average of from SO to 40 cvbic inches of air (Ed. Smith) are inspired and m- 
jnrod. This volume of air is termed the Breathing or tidal air. 

Complemental Air — Is the volume of air, about three or four times greater, or, on an average, 
ehoat 120 cubic inches (Hutchinson), which can be draum irdo the Iwngs by a forcible inspiration. 

Reserve Air — ^Is the volume, on an average /row 75 to 100 cubic inches (Hutchinson), which, though 
remaining in the lungs after an ordinary expiration, tiiay, however, be expelled by a more forcible tfffort. 

Besidnal Air — ^Is the volume, also, on an average, from 75 to 100 cubic inches, which still remains in 
ihe lungs after the most violent expiratory effort. 

Comi»iring the amount of the breathing or tidal air with the total amount of the reserve air & the 
residual air, or, in other words, with the volume of air which usually remains in the lunss, it appears 
that not more than j or ^ of this volume can be displaced dwring each respiroiion. It is only, therefore, 
the contents of the trachea, bronchi, and larger bronchial tubes that are mechanically expelled and 
replaced by fresh air. It is the diffusive power qf the gases themselves that causes the renewal of the 
air in the smaller bronchial tubes and air-cells : the oxygen, which is more abundant in the larger 
tubes, diffuses itself towards the smaller passages and air-cells; the carbonic acid, which is more 
abundant in the air-cells and in the smaller tubes, and also the watery vapour given off from the 
mucous membrane, diffuse themselves in the contrary direction, or towards the larger bronchi it 
the trachea, from wlience alone they are removed mechanically. 

The volume qf air which can be expelled from the lungs by the ftdlest expirci^ion, preceded by the deepest 
inspiration of which a man is capable, is the measure of the Vital capacity of the chest (Hutchinson). 
In the male adult of the average stature of five feet seven inches the vital capacity is about 230 oubie 
inches. The vital capacity diminishes or increases with the stature by about 8 cubic inches for every 
inch m stature between the heights of five & six feet. It increases up to the age of thirty-five and then 
diminishes. In the female it is hardly more than | what it is in the male. 

It is not proportionate to the size of the chest, or to the general muscular power of the individual, 
and is greatly diminished in pregnancy, and in all abdominal diseases. The value of its admeasure- 
ment as a means of diagnosis of the earlier stages of phthisis has, therefore, been exaggerated. A 
diminution of 16 per cent, appears, however, to indicate a diseased condition of the lungs. 

The total volume of air which parses through the lungs of a male adult in twenty-four hours is estimated by 
Dr. Ed. Smith eXfrom 700,000 to 1,700,000 cubic inches, or from 400 to 1,000 cubic feet, the quantity varjring 
according to the amount of muscular exercise taken. The average quantity of air breathed per minute 
by a male adult at rest is, according to the same author, 600 cubic inches in the day-time and 400 
during the rUght. 

The greatest force with which, in a male adult^ the air can be dsuwn into the lungs, is capable qf elevating a 
column of mercury usuMy about 2 or 3 inches, sometimes as much as 6 or 7. When a column of mercury 
is elevated three inches, each square inch of the thoracic walls must support an atmospheric pressure 
of more than 23 oz. ; adding to this pressure the elastic resistance of the thoracic walls, it is calculated 
that the power then develop^ by the inspiratory muscles must be more than 1,000 lbs* — The /ore« wiih which 
air can be expelled from the chest is about l-3rd greater, on account of the co-operation, during expiration, 
of the elasticity of the lungs and chest walls with the muscular effort. The power of the respiratory 
muscles is greatest in men of from 5 feet 7 inches to 5 feet 8 inches in height. 

The musGuLar force employed in ordinary inspiraJtion is calculated to be ahout 170 lbs, (Hutchinson.) 

The entrance of the air into, and its exit from, the lungs produce the respiraiory sou/nds or nwrmwrs, which 
in health are of (too kinds : the bronchial or tubular sounds, which are of a blowing character, and are 
best heard between the scapulas and over the upper part of the sternum; and tba vesicular murmur, 
which is heard as a gentle breeze all over the thorax. 

The Wma gUttidis dilates in inspiration, as do also the nostrils when respiration is hurried.— The contrac- 
tion of the bronchial tubes is believed to regulate, in aooordanoe with the supply of blood, the quanti^ 
of air that the different parts of the lungs are to receive. 
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CHANGES of the AIB in BESPIRATION. 



Ewpir&d air differs from inspired air in tbree respects t— 
Its temperatwre m raw«d; 
Its degree qf moisiwre is increased ; 
Its chemieaJl, oom^sition is modified^ 

Temperature.— Is raised to newrly iiua qf the hlood, especially in slow and tranquil 

Degree of Moistare.— Expired air is nearly satwraied wiih watery ixipoiir.^— The quantity of woUr thni 
eaereted increases with the temperature of the atmosphere, and decreases as the atmospheric moistara 
increases ; it averages 9 or 10 os. daHy, bnt may vary ftom 6 to 27 oz. Some of this water is probably 
formed in the respiratory process. 
Chemical Composition. — ^Is modified by the svbtracHon qf omygen and by the addiUon qf earhanic add, ef 
a IMe fHtrogan, o«id fi^WMrvms eaeretory prinoiples.'-^The change is effected by the process of moist d^ffueion; 
the d^usUm volwnes iS ^^ ovygem o«id caiibcmM add aire^ %ou;«tw, tnodt/fad &y ihe rtmarkxihU affinity qf the 
hloodfcT ossygeti-, the former diflhsion yolome being increased and the latter diminished. 
Ozygend — 6 out qf the 21 volumes qf otsygen a/re ahstradeid frcm every 100 volumes qf air. From ^to \o{ this 
amount does not reappear in the carbonic acid expired, but remains in the system where it combines 
with hydrogen to form water, and with the sulphur and phosphorus of the albuminoids to form the 
adds of the sulphates ft phosphates excreted in the unne. The amouvi qf oxygen consumed daHy 
detemUnes that o/ the carbonic acid excrded, and is similarly influenced by the same under- 
mentioned causes. It averages 40,000 cubic inches in a strong mAle adult. 
OflXbooic Aold. — About 4 volumes only are added to the '(^ volumes already contained in every 100 vdUames 
qfadrs there is therefore at each expiration a loss of 1 per cent, of the air inspired. 
It is calculated that on an average 82,000 cubic inches qf carbonic add, containing about 8 ounces qf caafiton, 
are given off daily through the lungs by a strong male adult of the average size. These quantities of 
carbonic acid & carbon are subject, however, to considerable variations due to the following causes. 

Aaxr— The quantity of carbonic acid excreted increases up to 30 years of age, is staUonairy from 
80 to 40, decreases in old age. — ^It ia largest in children proportionally to the weight of the body. 

Sbl^— In females the quantity of carbonic acid excreted is less after the eighth year ; it remains 
Mtionary dwrina the whole period qf menstruation, increasing temporarily, however, if menstruation be 
mrrested by pregnanc}r or by any other cause ; it increases for a time when menstroatiott oeaMiy 
and dixniniflhes again in old age. 

MuscuLAS ISercisi — Increases the quantity of ea/rborUe add exhaled by 4 until an hour after the 
exercise has been relinquished (Yierordt) ; it may increase it two, three, or fowrfold (E. Smith). The 
increase depends both on the increased amount of the air breathed, and on an increased per-centage 
of carbonic acid found in the expired air. — ^The quantity is diminished by prolonged exertion, 
oocasiomng fiitigue. 

AuxEifTATioN. — ^The quantity is increased by good Ivdng ^ after meals, especially when much 
nitrogenous food has been taken, and is diminished by futing. — Tea, coffee, cocoa, pure alcohol, 
produce a sudden increase j certain liquors, such as brandy, whisky, gin, appear, however, to 
produce the reverse effect (E. Smith). 

Temfiratubje ft Htoromstric State or the AxxospmERE.— The quantity is greatest in winter & in 
cold climates, and in damp weather. 

Tub or Day.— The quantity diminishes in the evening, ft is least at midnight ; it increases in the 
morning until midday, when it appears to be as 1| to 1 when compared to what it is at midnight. 

PuxiTT or AiB Bbspieed. — ^The quantity diminishes rapidly when the same volume of air is hrxaXked 
over and over again, the gaseous interchanges in the lungs entirely ceasing when the air contains 
10 per cent of carbonic add, by which time it has lost about J its normal quantify of oxygen. 

BAFiDmr or the Bbsfibatost Movexemts. — ^In abnormally Aiimcd breathing the quantity tnonsofst 
o^tolttisly, but it decreases relatively to the amount of air respired. 
Mtrogan. — ^A minute gyainti^, about ^ or .^^ of the quantity of oxygen consumed, appears to be given <# 
from the lungs. The source of this small excess of nitrogen was at one time believed to be the 
nitrogenous elements of the food ft tissues, a part of which elements were supposed not to be 
excreted with the urea, uric acid, ft extractives of the perspiration, urine, ft other secretions, but to 
be retained in the bod^ until completely consumed or broken up by the respiratoiy prooesa into 
their simple or prinutive constituents. All the nitrogen of the food now appears, however, to be 
accounted for in the excretions, so that this nitrogen might be derived simply ftom the atmoepheric 
air which is swallowed with the saliva, the food, ft the drink.— During prolonged fading a mimtte 
quantity of nitrogen appears to be absorbed. 



Tflrioua excretory xurlnoipleB.— Expired air contains, in minute proportions, several qf the prmdples 
with in the secretions qf the shin ^ kidneys, such as chloride of sodium, uric wsiA, urates of soda ft 
ammonia. It also contains a nitrogenous organic compound, very prone to putrefy, an^ sometunea 
carbonate ft hydrochlorate of ammonia and carburetted hydrogen ; vaiions ooorqias sobatMv 
may be derived tram the food and drink that are consumed. 
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CHANGES of the BLOOD in BESFIRATION. 



Are the changes in colowr ft iemperaiwre, and in the pr^ ^Aiong qf tht 
Jibrin, Aqf the ga8$8. 

Colour. — It has been shown by Hoppe-Seyler & Professor Stokes, by 
means of the spectrum analysis, that the change of colour, 
which takes place in the lungs, from the dark purple of yenous 
blood to the bright scarlet of arterial blood, and the reverse 
change, which takes place in the capillaries, are due respectively 
to the omdaMon ^ djsoTtxdaiion of the hcdmoQldbin vr wwmnk : — ^Dilute 
solutions of blood when examined with the spectroscope give rise to 
two dark lines or absorption bands, situated in the green and yellow 
of the spectrum between the D and £ lines of Frauenhdfer. 
When a reagent capable of abstracting oxygen, such as protosnl- 
phate of iron or protochloride of tin, is added, the solution becomes 
darker in colour, and the two dark lines disappear in the spectrum 
and are replaced by a single broader band occupying an intermediate 
position between them. On exposing the deoxidised solution to 
the air it again brightens in colour, while, in the spectrum, the 
two first lines reappear ; the alternate change may be repeated 
several times. The hcBmoglcbin or cruorin exists, therefore, in 
two ^ttates of oMaHon, forming in the one case the '^purple 
hamoglt^n or cruorin," in the other the "eca/rlei erw>r%n or oay- 
hamogUbin.*' Arterial blood contains more qf the sca/rUt oruorin and 
less of the pwrple than venous blood ; both hinds qf blood, however, 
contain normally mere of the former than% of the laJtter, for they both 
give rise to the two dark lines in the spectrum. 

Temperature. — The blood in the Wt side of the heart was long 
believed to be warmer by 1^ or 2® than that in the right ; it is now 
known to be ahowt y;hnfa degree cooler. 

The Fibrin^Is inereased in quamtity in arterial blood, which, there- 
fore, yields a flnner clot than the venous. The normal proportion 
of fibrin may be doubled in rabbits by causing them to breathe 
pure oxygen. 

The Gases. — Venous blood contains, according to Magnus, but | m 
wueh 09vgsn as, and ior\ more oourbonie aoid than^ the arterial* 
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ASPHYXIA. - DEATH by DROWNING. 



Aspliyzia. — The enentlal symptomaftlo characters of asphyxia are tho ton tf 
muMoUar vowtr and eonteUmmeMt and the ee$aaHon of the retpiratory nutftemenii k 
of the puUatwtu of the heart. Its eeaentlal pathological character is the aoewmu 
lotion of dark blood in the right tide qf the heart and in the venous eystein generally, 
which blood remains fluid for a long time. 
The mode in which death occurs, though remaining essentially the same, dlflbra 
slightly in the rapid and slower forms. In both cases the Jiht morMd proeeu is 
the stagnation qftKe blood in the capillaries. 

In the doioer forms, this stagnation fnt takes place in, or first shows 
itself in, the sysUmie eapiUaries. The arteries and the l^ side of fhs hsmri 
then become distended, and the heart beats with greater power and frequency to 
overcome the resistance. 

In the rapid form the stagnation first takes place In, or first shows itself in, 
the lungs. The heart then receives bat liUte arterial blood and soon no arterial 
VtoodataU. 

Then, on the one hand, the pulmonary artery, the right side <{f the heart and 
the venous system generally, become gorged with dart: venous blood ; and on. the 
other hand, the nerve-centres, the muscular sjfstem generally, and the heart iiself, 
no longer receive their due supply qf arterial blood, and iaiBy gradnally eeau to 
perform their fknetions. 

Finally the arteries, and the I^ side qf the heart, empty themselves into the 
veins and into the right side. 
tn cases of recovery from asphyxia the process just described is reversed : On the 
introduction of i^ into the lungs oxygen is once more absorbed and carbonio 
acid given ofl'. The flow of blood through the capillaries of the lungs is then 
resumed under the influence of the pressure of the blood in the pulmonary 
artery and in the right side of the heart. Thus while the right side of the heart 
Is unloaded and relieved the left side again receives its proper stimulus. The 
heart then ^sumes its action. The nerve-centres and the muscular system are 
restored. Respiratory efforts are now resumed, and oonsoiousness and motor 
power reappear. 

DrOWning^Is asphyxia with an addUional obstacle to recovery, vis., the partial 
fUUnij up df the air passages with water, which obstacle prevents the reintrodnc. 
tion of air into the lungs when the body is brought to shore.— Animals die muth 
sooner firom drowning titan from simple apnaa. ui the experiments recratly made 
by the Committee of the Royal Medico-Ghirurglcal Society it was found that the 
average duration of the respiratory efforts after eimply plugging the trachea was 
about 4 minutes in dogs and 3 in rabbits, and that recovery might take place 
after deprivation of air for S minutes 60 seconds ; Immersion in water, however, 
for Ik minutes was usually fktaL 

Ordinary cases ot submersion in man are nearly always fatal after 4 or 6 stimiief, 
and fiwuenUy after scarcely 1 mAnute. Beeoveries have, however, taken plaee after 
\ f^an hour, and. It is said, even after \ an hour ; but in such cases it is probable 
that syncope took place upon falling into the water. Han would then be assimi. 
lated, vrith reroeot to drowning, to a hybemating mammal or to a oold-blooded 
animal, in both of which, the nutritive ftinctions being less active, respiration 
may be suppressed without inconvenience for a considerable time; eompMe 
inloasication might produce the same eflbct. Animals under the influenos <tf 
dUorqform, and unable to make any violent inspiratory eObrts, can resist sutamer. 
sion for a considBrable time ; so can, also, newly bom mnimals, animals whose 
temperature has been lowered hv several degrees, and »^«<m«.in in which the 
trachea has been plugged before they have been immersed. 
Numerous experiments have been made with a view to aooertain the best mode ef 
trmtmcni in the case of drowned and asphyxiated persons t inflation of the lungs 
with hot air, oxygen, or osone, ixgection of arterial bloodl, hot water, or vapour 
Into the veins, galvanism, etc., may temporarily excite the action of the heart ft 
of the respiratory muscles, but they all foil to restore lifo when the oiroolatlns 
through the longs has been totally arrested. The nite vf ti^ Aoyal Ewmams 
Soeiety very Justly reeommend, as the first means to be emiteed, the perfbrauaoa 
of artificial re^p^raHon by Dr. Sifoestef's vselhod, that is lo say, by aUemaMy 
vreumgOiearmsagainii the sides of the <he^ and thm roMng thtm gndly ^Aov9 
the headfifteen MflMtjpsmiiiMt^ while the patient is lying oa Us baok. 
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ECTS of OVEBCBOWDINa, and of BKESATHINa 

IMFUBE AIR 

Are hxfold, and are reipeotiYely doe i 

1 . To the ifuv^S^eimii aeraiion of the blood ; 

2. To the consequent imperfoct oxidation, elinUnaiion, and dsitruction, and to the, thexefove, ineviiabU 
iiccumuliUUm, both in the blood and in the ewrrounding atmoephere, qf the effete organic evbetancee aHeing from 
the ^dtiniegraaon of the titsues of the body, and from the disintegration of the abeorbed yroduete cf the 
eiimentaiion. 

I. Effects of the insofflcient Aeration of the Blood.— The absorption c/ oxygen ^ the eUmina- 
Hon qf eaarbonie aeid diminiih eoneiderably, and morbid eymptome begin to a^ppewr, when the air, throoffh 
heing preyioosly Titiated hy respiration, is charged with carhonic acid even to the apparently slight 
extent of ipercewt,, or Spake in 1,000 (Marshall). When the air contains lOper cent, qf ca/rbonic aeid, in 
which case it has lost about | iJte normal proportion qf oxygen, it hecomes totally irreepirable, and is 
immediately &tal to man. — ^The Black Hole of Calcutta was a room 18 feet square, having two small 
windows, in which room, in 1756, 146 prisoners of war were confined during one night: hy the next 
morning 128 of them had perished. A similar occurrence, in which 70 out of 150 passengers perished, 
took place in the Irish steamer Londonderry in 1848. 

The morbid symptoms appear to he due not only to the insufficient supply of oxygen, but also to the 
directly poisonous qffects qf ea/ihonic o/cid ; arimals cannot live in an artiflcM atmosphere of carhonic 
acid and oxygen, in which the latter is contained in the proportion of 21 parts per 100, as it is in 
atmospheric air. After one hronchus of a tortoise had heen tied hy Bolando, the animal continued, 
apparently without any incouyenience, to hreathe with the lung of the opposite side ; the animal soon 
dittly howeyer, when pure air was iJlowed to enter one lang« and carbonic acid the other. 
It is not enough for x.h^ purposes of life ft health that a room be supplied once for all with the quantity of 
pure air tliat its inhabitants can consume during the time they remain therein ; for the di£fusion through 
the mass of the air of the room of the carbonic acid expired and the general diminution in the 
proportion of oxygen which would take place, would yery soon interfere with the due aeration of the 
blood. For the same reason, it is not enough either that min/ule by minuU there should be unthdrawn from 
the air qf a room and replaced by pure air, as many times as there a/re individuals in the room, the volume of 
from 400 to 500 cubic inches qf'oAr that is respired by each individual minute oy minute. From 
about 20 to 40 times such an amount of air, that is to say, /rom 4 to 10 cubic feet of air per mimtte (which 
latter amount would yield an atmosphere containing about 16 parts of carbonic acid in 10,000), are 
needed for each person. In hospitals double that quantity is required. — A certain amount of breathing 
space ought also to be allowed. The general practice in England up to a recent date was to aUow not 
less than 800 cubic feet of breathing space for each person; but in HospitaU 1,200 cubic feet, at least, 
ought to be allowed (Marshall). 



II. Effects of the imperfect oxidation^ eliminatiODy and destmctiony and of the 
inevitable accnmnlatioQ both in the blood and in the enrroiindlcg atmosphere, of 
the effete organic substances arising from the disintegration of the tissues of the 
body^ A from the disintegration of the absorbed products of the alimentation. — 

The complete oxidation of the effete products of organic disintegration transforms them into carbonic 
acid, water, urea, uric add, and other extractive matters, which are all easily excreted through the lungs, 
skin, and kidneys. Their imperfect oxidation transforms them into those numerous but still imperfectly 
known offensive products, which Liebig compares to the soot or lamp-black of an ill -burning furnace or 
lamp. 

These products aeeumwlate in the atmosphere qf crowded cities, and, doubtless, also in the blood : the proportion 
of animal matter in the air is in the town of Manchester 1 grain in 8,000 cubic inches, and on the hills 
above, 1 grain in 200,000 (Dr. Ang. Smith). Hence, in addition to a depressing vi^uenee over the functions 
qf the body generally, that peculiar liability to the aymotic diseases under which labour the poor of our 
larse towns, and also the unfortunate inmates of barracks, hospitals, workhouses, etc., where modem 
sanitary improyements haye not yet heen introduced. 
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I.-THE HBSPIRATORY CENTRE. 

IL-RESPIBATORY & YASO-MOTORIAL UNDULATIONS OF THE 

BLOOD-PRESSURE CURVE. 
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THE BESPmATOBT CENTRE. 



J» lie Bh3rthmlo Aetion reflex^ or is It Antomatio P 

// is fsseniially automatic ; for, on the one hand, the facial h laryngeal mnBolea oontinna to 
dflate rhjthmioally both the nostrils k the glottis when all sensory impressions (sare those that 
nay reach the medulla through the cranial nenres) are oat off throogh diTision of the cord just 
helow the mednlla ; and, on the other hand, dirision of all the cranial nerres, the pnenmogastrics 
inolnded, in no way arrests respiration. But it is influenced rtfexty by noDMorj impressions oon« 
tinnally ascending &om the Inngs through the pnenmogastnos. 

What keeps up thia Rhythmio Automatic Action P 

The oontinuons dearterialisation of the blood. 

The more Tenons (or the less arterial) is the blood, the mora aetiTB is the respiratory 
eentre. - Yenons blood " augments the natural explosiye deoompositions of the nerre-oells of the 
respiratory centre, which pri^e rise to respiratory impolses" (Kichael Foster). It qaiokens 
(slightly) their rhythm, and greatly increases their power, till ceasing to *< con6ne themselves to 
their nsoal tracts, they overflow into others " (M. Foster), i, e.^ excite to action, not only the 
ordinary inspiratory muscles, but also the extraordinary ones. 

The more arterial is the blood, the less active is the respiratory centre. If for a few 
seconds we breathe more rapidly and more forcibly than usual (as divers do before they plunge), 
we may *keep our breath' for a whole minute or more. If too vigorously carried on, artificial 
respiration soon induces aprnga, u e», a condition in which the animal does not breathe at all for 
a while, and the respiratory muscles are not only relaxed, but are unable to contract upon stimu- 
lation of the vagus. In apncsa, the hasmoglobin of the blood is saturated, or nearly saturated, 
with oxygen, and the want of breathing is not felt. Respiratory movements reoommenoe^ very 
gently at first, as the blood returns little by little to its ordinary condition. 

Bow is the Respiratoxy Centre influenced Beflexly P 

It is influenced by accelerating fibres which are oontinuaUy at work, and by inhibitory 
fibres whose action is accidental. 

The more important accelerating fibres run in the course of the pneumogastrio nerve3 : 
Irritation of the central end of the divided pneumojcastrio accelerates the respiratory movements; 
and, if the irritation is sufficiently powerful, the respiratory rhythm may be so accelerated that 
at last the diaphragm is thrown into a condition of prolong^ tetanus, and respiration is brought 
to a standstill in the extreme inspiratory phase. - Simple division of the pnenmogastrics 
slackens the respiratory rhythm, but renders the respiratory movements proportionately deeper 
4 fuller : what is lost in one direction is gained in the other, so that the nerve may be said to 
modify merely tl^e distribution of the respiratory impulses in time^— ^normally, in the direction 
of greater frequency coupled with diminished energy, — when ^vided, in the direction of 
diminished frequency coupled with increased energy. 

. Inhibitory fibres run in the course of the superior lamigeal nerves. Irritation of one of 
these nerves slackens the respiratory movements, and, if sufficiently powerful, may bring them 
to a standstill in the expiratory phase; division of the nerve is, however, without any marked 
effect on respiration. - A few inhibitoiT' fibres run also in tiie coarse of pneumogastrios : when 
the nerve is exhausted, its stimulation may retard or arrest the respiratory movements. 

The inhibitory influences may be supposed to increase, and the accelerating influences to 
diminish, the obstacle opposed by the centre to the discharge of respiratory impulses. Incress- 
ing the obstacle, the former increase also the amount of energy that must be accumulated befors 
the discharge can take place, and also, flnally, the amount of energy discharged, t • ^., the force 
of the impulse. The latter, diminishing the obstacle, diminish also the amount of energy to be 
accumulated before the discharge, and therefore the energy of the discharge, u a, the force of 
the impulse, 

b it want of Oiygen, o r exceaa of Carbonic Acid that caiues DyspnoBa P 

It is want of oxygen. Excess of carbonic acid (there being no deficiency of oxygen) acts as 
a narcotic paison, innucing drowsiness ft coma, not dyspnoea. Bespiration of a murtnra of one 
part of hydrogen ft four of nitrogen induces dyspnoea immediately, though the exit of carbonic 
acid by diffusion is no wise impeded. 



I>MB the De arterialised blood act Direct ly on JUle^ednUaP 

Yea. F6r suppresion of the circulation through the mednlla (by ligature o( the Tsasels of 
tlie neck) induoei dyspnoea at once. 0o does also the artifidal warming of the blood in the 
■aretid artery* 
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BESPI BATOBY & VASO-MOTOBIAIi UNDULATI ONS of 

the BLOOD-PKBSSUBE GUKV B. 

(A note to '<Fobcb ov ths Blood ik the Abtbhisb.") 

These nndnlationB hare a regular period, and their period Is isoohronons to, though nol- 
exactly Bynohronoaa with, thai of the respiratory moyements, the former period being somewhat 
in advance of the latter < The arterial pressure is at its lowest just after the oommenoement of 
inspiration; it rises during the remainder ft greater part of the inspiratory movement and 
during the oommenoement of expiration, when it reaches its highest; it falls again during the 
remainder ft greater part of expiration, and during the commencement of inspiration. 

Nonaal Respiratoxy UndnlatioxiB. 

These are the mediate or indirect result of the variations of the intra-thoraoio pressure. 

The direct or immediate result of inspiration is to diminish the pressure both in the arteries 
ft in the yeins ; and the direct or immediate reenlt of expiration is to increase it. 

The mediate, indirect, or final resalt is just the reverse. This happens as follows :- 

The immediate result is most marked in the veins, whose walls are thinner than those of 
the arteries, and whose internal pressure is less. Hence a marked diminution of pressure in the 
reins during inspiration, a rush of blood to the heart, a heavier stroke of latter, and increased 
distension of the arterieef, ue., increased pressure. - This result takes some little time to develop 
itself, as above stated. 

The pulse-rate is quickened during the rise of the undulation, and slackened during its fall. 
This is due to the oardio-inhibitory centre being stimulated during the fall (probably in oonse* 
quence of the previous rise), for if the vagi be divided on both sideSj the variiationfl in the 
pulse-rate are done away with without any change in the undulations. 

YMO- motorial Undulations, — Tranbe^s Curves, 

The vaso-motorial undulations are most dearly observed under two distinot oiroumstanoes^ 
- I. ^., when artificial respiration is substituted for normal respiration, and when all respiratory 
movements, both natural ft artificial, have been stopped for a while. They are dncto stimulation 
of the vaso-motor centre by the venous character of the blood. 

Diaring artificial respiratioD, the conditions of intra-thoraoio pressure are reversed : The 
intra-thoracic pressure is increased when air is blown into the lungs, and diminished when it is 
allowed to escape. Corves similar in oharaoter to the foregoing, though lees ample, are never* 
theless observed under these altered conditions. They are still observed even when the ohest is 
epened, the heart removed from the thorax, and an artifioial oiroulation oairiod on by means 
of a pump. 

When all respiratory movements cease (the animal beiog under urari, or its thorax being 
opened and artifioial respiration being stopped), the blood-pressure rises steadily for a while, the 
blood-pressure curve presenting an uninterrupted ascent; but soon new curves, the so-called 
Traube's curves appear, large ft sweeping in character. That both this rise and these new 
ourves are due mainly, if not entirely, to stimulation of the vaso-motor centre, and to the conse- 
quent contraction of the small arteries, is shown by the fact that both phenomena are all but 
entirely suppressed when the spinal cord is divided just below the medulla. 

If respiration is not speedily resamed, both the vaso-motor centre and the heart become 
eihausted through the inoreasing venosity of the blood. The undulations then disappear, and the 
blood-pressure again falls. 

The rhythmic action of the vaso-motor centre is partly the fesult of rhythmic Btimulatioa^ 
and partly the result of its own rhythmic aatomatism. This is shown by the fact that, when 
Traube's ourves occur, all rhythmic stimulation has ceased. 

Taso-motorial undulations probably oomplioate the respiratoty undnlatiQBe sbore deseribed* 

If 
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ASPHYXIA. 



The Three Stages. 

Aipbyxia by sodden oodntum of the irftoliaft mas its oouM in 8 or 4 minaiet in the rabllt, 
in 4 or 6 in the dog. This oenrse maj be dirided into three itegea» m lollowi ^- 

Ut Stage : - DrsPMaA ok HrrEBPM<SA. - Leate nearly n minate^ and panes gradually into 
the second stage. At iirst» both inspiration & expiration rapidly increase in frequency, Tigonr, 
h the number of mnsoles called into play. The expiratory morements^ howerer^ soon become 
more marked than the inspiratory; and they predominate more ft more. 

Snd Stage : - Bxhsatokt Oontvlsiohs - Bather shorter than the foregoing ; passes ahnip!h 
into the third stage early in the second minute. The riolent expiratory morements abofe 
mentioned onlminate in expiratory oonTulsions, the order and sequence of whidi become more k 
more obscured 1^ their increasing Tioleoce h extent. These conTuUons are due to etimnlatioD 
of the expiratory portion of the respiratory centre sometimes called the ' oonrulsiTe ' centre, for 
they faU to iq^pear when the oord is dirided just below the medulla.* 

SrdSTAOB: -Exhaustion; Inspibatort Ooktulsions ; Gollassb. -Occupiea the remainder 
of the time. Calm suddenly followB the oonrulaions; for a time all morements cease; the mnadei 
are relaxed h flaccid; the pupils sre dilated h unaffected 1^ light; irritation of the oomce 
induces no winking. 

Inspiratory <&orts now reappear, and become gradually more extended, — gaspe deep k 
■low, followed by gentle expirations, — ^bnt also gradually weaker ft separated by interrala which 
gradually lengthen. Xouth wideljr open, nostrils dilated, face drawn, head thrown back, 
extended limbs ft trunk, etc., mark the few last efforts, each of which seemed finaL 

* Tlieir may be indooed srtilldally bj tTing the csrottdi; stmlbr MUBOic ooBTUlilons sometimei occur aflec 
gTMkt lots of blood. 

The Vascular Phenomena. 
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The blood^pressure rises rapidly during the two first stages, and attains a height far above 
the normal. The heart-beats are at first somewhat quickened; but they soon become slower, 
while at the same time they acquire considerable force : the pulse-ourree are therefore very bold. 
During the third stage the arterial pressure falls rapidly and becomes less during inspiration 
than £iring expiration, and the heart's action is greatly weakened. The beats continue, howerer, 
a few seconds after the respiratory morements hare ceased. 

Eiplanation of the Vasctilar Phenomena. 

The rise of the blood pressure during the first ft second stages is due to the oontractton of 
the small arteries, and also, perhaps, at least at the very firs^ to the increased action of the 
heart induced by the first exaggerated respirations (inspirations). This contraction of the small 
arteries is due to stimulation of the yaso-motor centre by the Tenons character of the blood, and 
perhaps also to some extent, to direct stimulation either of the peripheral yaso-motor 
mechanisms or of the muscular arterial coats. 

The first exaggerated respirations (inspirations) explain the early acoeleration of the hoarfs 
action. The continued exaggerated respirations (inspirations) explain the subsequent retarda- 
tion : distension of the oayities ef the heart was first faronrable to the heart's action, but, when 
pushed too far, it becomes injurious; this is shown by the fact that the heart-beats frequently 
recommence for a time when the distended yeins are pricked ft are thus partly emptiecL The 
retardation of the heart's action is further attributable to stimulation of the cardio-inhibitory 
centre contained in the medulla : diyision of the yagi renders the retardation less prononnoed. 
This stimulation of the cardio*inhibitory centre further explains the increased energy of the 
beats, which at first accompanied their retardation : the longer it takes to generate the impulse, 
the stronger the impulse must be. 

The fall of the arterial pressure during the third stage is doe to sereral causes : to stimu- 
lation of the oardio-inhibitory centre, to exhaustion of the muscular fibres of the heart through 
deficiency of arterial blood and oyer-distension, and, towards the dose, tu dilatation of the 
arteries through exhaustion of the yasa>motor centre. The fall of the pressure during eaoh 
inspiration is the necessary result of the non-compensation, by the usual increased cardiac action, 
of the general diminution of intra-thoracic pressure which is the immediate result of the 
thoracic enlargement. 
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ANIMAL HEAT. 
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ANIMAL HEAT. 



The pTOdnotion of animal heat Is a wiivertal^neUon throoffhont the entire animal 
kingdom, and animala have been divided accarding to tneir nsnal temperature 
into VNsna-Moodtti— mammalia A birds; and oolo^looclecl— fishes, ampMbia, 
reptiles, and the inrertebrata. 

The UmpertUwre qfwarmMoodtd animaiU is relatively hith, and, though difltoent 
in the varioas species, is very nearly the tame in socfc $p«e%et under aU normal 
eondiiions qf lift ft being almost independent, within the lizoits of tlw climateric 
Taiiatlons, of the temperatnre of the anrroanding medium. 

The temperature of coJdMooded animals is relatirelv low, and ^nrUi wUh, and 
nearly to the same extent as, that qf the twrroundmg medium, being, however^ 
in all usual circumstances, higher than that of the medium by a certain number 
of degrees, which number is the same in all animals of the same species. 

The seoond of the two correlative terms above used—** warm-blooded " A *' oold. 
blooded"— i>, therefore, in one sense incorrect. Bo is also, in another aenee, tlie 
second of the two designations more recently proposed by Bergman, via 
** animals of ooiutani Umfvraltwt ** k '* animals of variable tempenhun ; ** ftr 
though the tem])eratuTe of the latter varies absolutely, its surplus over and 
above that of the surrounding medium, which surplus is due to individual pro. 
duotion of heat, Lb relativelv invariable. The two correlative terms the Author 
would propose are those of *^ Animala qfhigh ^ completely individual temperalun** 
and " AnimaU qfinoamfleUly individual ^ ueuaUy Una tempenUwrt," 

Average Animal Temperatures. 

Temperature of Warm-blooded Animals, or AnimaU of Constant 
Temperature, or -of High A Completely Individual Temperature. 
Birds.. .. 100^ to 108<*, or even 111« in the small species: 
M«mit«iL«ii 070 to 104». 

Sarplns of Temperature over a above that of the turronndlng modinm In 
Oold-blooded Animals, or Animals of Variable Temperature, or of 
Incompletely Individual A usually Ijow Temperature. 
Beptiles . 7« to 16<> ; 

Amphibia .. i** to H° in summer, and 2^ to 3^ in winter ; 
Fishes usually {<* to 1*, sometimes 2^ to S<*, in the tunny A bonifan 18^ 

Average Temperature of the Different Parts of the 
Human Body. 

Atssaob Texpvratubs or thk Blood, loo« to los*.— In the peripheral parts of 
the body the Uood in the veins is cooler than that in the arteries by P in the deep 
veins, by several degrees in the superficial ones ; in the deep or central parts of 
the body the diiDnence is usually but slight. The blood in the renoi veins !«, 
however, considerably warmer than that in the renal arteries, and the blood in 
the hepaiic veins is not only voarmer than that in the portal vein, but it is 
warmer by 1" than that in the aorta (Bernard) ; the blood in the righi side qf 
Hu heart is l.Uk'* warmer than that in the left. 

Ateeagb Temperature of the Organs k Trssuss, os* to 100*.— It is always 
lower than that of the blood, and varies according to vascularity, distance 
flrom central parts, proximity to the surface, and degree of ezpoeure : 
Temperature of the Atxlomen (taken in the bladder) 102P ; 

m, A_ . S Rather lower on aeoonnt of 

^™'" \ the heat loet by expired air. 

AwOCvUiU ••• •■• •»• ••■ ••• ••• X'^' 

Month (under the tongue) ... 98® ; 

AXllJA ••• ««• «•• ••• ••• ••• VO 

Hands ft feet 90*. 
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CONDITIONS WHICH MODIFY the TEMPER- 

ATX7BE of the BODY. 



fit tempttatim of the body Ib, wiuitii nry aanow UmiU bowt?ir» 
MkmUtd bf §xUmal JM«, laacreiM ^ 0ood Uvtag / 
Jkpruatd oy eotd, inacNoift 4 bad/an; 
Voirioutly tn ^ t m ioi d fty Maw qfdaif, age, mm, ^ diutim, 

Ixtemal tamperatnre. — The ^artrnt, dimateHc wKoKom, though thif 

nnge flram— 70* In the arotle to 4-180° in the tropioal legfone. do nei injhuiu$ tti 
fcnptrotim t^f man to the txtent of man than S* or 4P. proviaed he have, oa the 
one hand, oommend over ftwd Anixnent, and pxorided be can, on the other hand, 
protect bimielf against the dlxect rays of tbe em. Tbie etabOity of tbe bodllj 
temperatore ie duu, in tbe one case, to tbe power qf prodMeimg a greaUr mmemU iff 
heai hj an Incr e a ae d aotirity of the letpiratory ftinctions, and by a greater 
oonramption of oalorilbcient Ibod, and, in the otber,'to the Iom </a freaJt aeiMNil 
^ heat oy tA« eonMiutaX MaporaMoa of th^ prq/Wt penpWaHtm^ with wUeh, in hoi 
elimatea, the akin ia oonetantly moinened. All wann.blooded *««mm^i« «](• 
poMen, but to a Icm and tariable extent, tbe power of maintaining their normal 
temperature in yery dlfbrent latitndes and under great rariaUone of external 
temperature. 

Tbie poionr qf w^viaiMmg a mdform im m e rat wrt hae, home m r , He Kmtff, and 
tbe experiments of Kagendie h others hare shown that onfoialt die nykBy wkm 
embm/Uied to dtgreu of heat or eoM eopofti* of toiaing their tem p eraimrt abomt •* er 
10*, or of lowtrina U ohenA tO^.-^lMrgB bodies of troops, and eren whole armiea 
hare thus been **frosen to deatV' especially when oreroome by fhtigae, or whan 
ilLfed, ilLclad A ilLproteoted.— The eoniaei of eseemiwiy holt dry air eon however 
he bone by man fbr Aort periode : Sir Ch. Blagden ft others haTS supported finr a 
fbw minutes temperatures of 196*, Sll*. MO*, 984*, and a man named Cbabert hae 
penetrated intoorens heated to from 400^ to 600°; when however the air is moist, 
so as to prevent evaporation from tbe surfkoe of the skint a temperaHire of UO* 
Tsry soon becomes un b ear a b l e. . ^ 

V 

IZOroiBOv^Fnkmged mneeular action elevates by ene er twe degrvse the tsm. 
peratnie of tbe contracting muscle. Kxeroise, however, dwofw but MgjhJOl^ the 
fmtrol to wp w ul a n etTtt* ftM^,but it may, by quickening the ctrculatlon, raise by 
several dei^ees the lowered temperature of the extremnles.— Znaotlon pro d uce s 
thecontrvy eflbot, and dariNg neep tbe (esipcniliire JoXU 1* or 1*. 

FoodL«— <7ood Keliiff fa^vv a Mflplt bodtty tos ipw trtiirf , bat the immediate effect ct 
a fhll meal is to lower the temperature a little.— Stimulants produce a slight 
Immediate rise in the temperature.— itecl /ate rfijirviwi tike Um ^ ma k m e, and 
diminiabes the power of resisting oold. 



Time of Day. — Tbe(MRper««Mf«is MgAat <»a«flMntiag.Tariee Slightly dSB. 
Ing the day, falls in the evening, and Is loweil toioordc stidaiylM. 

Age— JTod^^ tike fes ipw trtiirf bat aU^MIyi tbe temperature of chlkben le,liew. 
ever, about 1* bigher, and that of the aged a trifle lower, than that of the adult. 
But the power of the very young and or the aged to reslit tbe action of oold ia 
much less than that of the adult. 

SeZ. — ^lU in^lMenei Is «wy iiriffkMt Indeed, and H has firequently been denied. It 
IS believed, however, that the average temperature of tbe female Is a trltl^ lower 
tban that of the male. 

DlBease^IaflMDces the temperatisre cf the body more than any other cause 
the (MRpcrafan rim oonslderably ia all ybbrOc affed^ome and often reaches UM* 
er 107* in scarlatina A typhus, ft sometimes 111* It ia de ^ r med ta eaase of 

^bH«ear«l«M or blue disease, and in eMr~ '~ 
dieeaae it ia often lowered to 77* er 9f*» 



mmeope ft Mgwreal deaOK ha the eiorbHf eoraleM or blue disease, ud in eM««| la 
tiie stage of oollapee of which latter 
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THE SOUBGE of ANIMAL HEAT. 



The Trench chemist Lavoiflier, the diflcoyerer of the oompodtioii of air« propounded the first identifie 
theory of the production of animal heat, which is the chemical theory now universally received. 

Btf<Mr9 Laooisierf iheproduction qf amiimal heat vfos nferred io the voriouf movmnsiHU whieh taJeespiaM in iih§ My 
ft to the consequent gtreUhingB ^ recotivngB of the several Heeuee, io friction generally, and in particnlar to 
the friction of the hlood against the walls of the blood-vess^, and to the if^heiice qf ihe nervous system 
■ ^cfiKe so-eaXledL vital force. 

The theory of Lavoisier, though received in its main traits, must however be corrected or supplemented 
in two points : the union of oxygen with carbon ft hydrogen does not take place solely, or even prind- 
paUy, in the lungs; and the nervous system, though its action cannot now be considered as the primary 
source of animal heat, governs the chemical changes upon which the production of animal heat dep&adi, 
and thus modifies the production of heat both loc^y and generally. 

The chemical theory of animal heat, as it now stands, is that the ossygen taiken into the Hood at Gte lungt 
combines in the ciroulatory system, and more paHicularly in the eapiiUuries^ with the ea/rhon and Iwfdrogsn, aid 
also with the small amount of sulphur and phospkonu, both of the disintegrated tissues ^ of those elemenltt 
of the food, termed calori&cient, which are not, or which are but partially, transformed into tissae ; and 
that such combination, or combustion, is the real ft true source of the heat of the body. 

That such combination does take place appears evident fi;^om the &cts that an average-sized male odutt 
absorbs daily about 40,000 cubic inches qf oxygen, and excretes in the same time by his lungs, skin, i 
kidneys, about 32,000 cubic inches of carbonic acid gas ft from 76 to 95 ownces of waier, qf the dieposal ofvhick 
omygen, cmd of the origin qf which carbonic acid 4" of no less than 8 or 4 ounces of which water, no account can 
he given, if it be not admitted that stuh combiiMtion takes place, and that the above-mentioned quantity of 
carbonic acid & the three or four surplus ounces of water are the products thereof. 

That such combination, or respiratory combustion, as it is now termed, is the source of animal neat I2 ren- 
dered more than probable by the fact that the direct oomb/inatUm with the above-mentioned qwamiity of oisygen, 
of the quamtities qf oarbon ^ hydrogen necessary to produce the above-mientioned qwamtity qf carbonic add 4" ^ 
above-mentioned surplus of water would give off very nearly the quantity qf heat generated in the body in 24 
hours ;— and by the fact that the whole amount of caloric generated' in the body can be accounted for 
by taking into consideration the heat evolved by the combustion qf the sulphur and phosphorus (to which 
combustion is due a part of the acids of the si^phates and phosphates excreted in the urine) and afev 
addiUonal sources qf heat, such as the heat produced by those imperfect or incomplete combustions which 
give rise to the formation of urea, uric acid, and the various extractive matters found in the unne ana 
other secretions, and also by taking into consideration the fiict that more heat is produced by the com- 
bustion of certain alimentary compounds than would be produced by the separate combustion of their 
component parts. 

The experiments, upon the results of which the above assertions are based, were begun by Lavoisier by 
means of his ice calorimeter, continued by Dulong ft Bespretz, and completed by the experiments of 
Liebig and by those of Fabre ft Silbermann upon the combustion heats of carbon ft hydrogen. — ^Lavoisier 
overlooked the combustion of hydrogen, taking into account the combustion of carbon only ; he thos 
explained the production of but |th, of the hSat evolved in the body.— Dulong ft Despretz took into 
account the combustion of both carbon ft hydrogen, but they underestimated the combustion-heats of 
carbon and hydrogen ; they thus explained the production of ^thB or -^ths of the heat evolved in the 
body. Liebig arrived at the above-mentioned results by repeating the experiments of Dulong A 
Despretz, and by usin^ in his calculations the more accurate numbers given by Fabre ft Silbermann to 
represent the combustion heats of carbon ft hydrogen. 

Collateral evidence in support qf the chemical theory of animal heat is derived fromthe observation of the diiereft 
physiological habits ^ corresponding amerwge temperatures both cf awimals ^ qf man, thus : 

1. The division qf ihe animal kingdom into warm and cold-blooded animale, or into animals of constant 
ft animals of variable temperature, corresponds to the relative activity or inactivity of the nutritiTe A 
respiratory functions, and to the amount, relatively great in the one case, very small in the other, of 
carbonic acid given off through the respiratory organs ; 

2. The mean temperature qf the differerd dosses of warmblooded animals, and the mean surplus 0/ 
temperature over ^ above the ternperature of the surrounding medAwn observable in cold Uoodsd (tmiwxU, 
correspond likewise to the greater or less activity of the above mentioned functions : the temperature of 
birds is higher than that of the mammalia; that of reptiles is higher, under sinoilar cHmateric conditions, 
than that of the amphibia, the temperature of which latter is higher than that of fishes ft and of the 
inveHebrata ; 

8. In warm-blooded animals the production of heat, and the activity of the nutritive respuralory 
ftmctions, are similarly affected by the various conditions of age^ sex, alimentation, muscular atHvity, 
external temperature or season, time qf day ft purity qf inspired air, both being increased to a maximum in 
young well fed, active males, during cold ft dry days ft seasons and in open air, and both being reduced 
to a minimxmi by the contrary conations and during sleep and hibernation ; 

4. The temperature qf any one part qfoneqfthe higher animal organisms, and the temperature of the blood 
in the same, is greatly dependent upon the activity of the chemical processes of which such part is ths 
•eat : the highest temperature observable in the mammalia occurs in the liver and in the hepatic veini. 
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INFLUENCE of the NEBVOUS SYSTEM over 
the PBODUCTION of ANIMAL HEAT. 



Thd Mtlon of the nervoiui tystem with regard to the prodnction of heat U reduced 
under ardlnary ciroomBtanoes to the governing it^fluenee it exerts over Uu aeUoH 
qffke heart, and over the arterial dreukUion by vaeo.motor rtJUx aetion, and to iU 
eoMcqfueiU indired infiwenee over the dumical proceteee cfntUrUion. 

That the vato-motor nerves of fhe fympcU/ietie tystem govern the arterial drenlaiion 
astd, among other proeeaaoB, the heat-produeing process, is saperabandantly proved 
by the results of the division qfthe cord qfthe sjfmpathetie in the nedk, or those of the 
removal qfthe superior eervieal ganglion : the corresponding side of the Due then 
becomes greatly congested, and its temperatore rises by several degrees ; irritation 
of the peripheral portion of the sympathetic causes the part to resnme its normal 
appearance & temperature (Bernard). 

That siuh injhunce is exerted by r^fiex acHon, and also that such reflex action has an 
especial bilateral character, is pxored by the following fiacts— vis., when nfreesing 
mUbvre la applied to the ulnayr nerve at the elbow, the temperature of the two inner 
fingers, wh^ch momentarily falls, subsequently rises by several degrees ; if one 
Kmnd, or the extremUy of the vting of a bat, be imm«reed in f Ae eame txiaXure the 
temperature of the other hand, or of the corresponding point of the other wing, 
wQl be lowered at the sune time as that of the immersed part, no change of tem- 
perature taking place elsewhere (Brown.Sequard). • 

The (emperoiure of a liivJb foUs therefinre after tAe division ef its nerves, or of theposm 
terior roots of the same, on account, probably, of the then suppressed centripetal 
oonveyance of the sensory impressions by which dilatation of the arteries is 
called for : paralysed limbs are known to be cold. 

Division of the nerves of a Zimb dose to their exit from the intervertebral foramina 
produces, however, the contrary ^eet, on account of the simultaneous division of 
the sympathetic fibres, which have just joined the nerve firom the neighbouring 
ganglion (Bernard). 

The administration of nareoUes, shade, severe ii^ry to the nervexemJbres, occasion a 
f^esmalfaU qf the ieatperatvre of the body on account of the above sensory impres- 
sions being no longer perceived by the nervccentres & on account of their being 
no longer reflected upon the vascmotor nerves.— Severe injury to, or division of, 
the spinal cord appears however to produce a temporary elevation of the ttmperoitwre 
of the parts bdow ; so does also the section of the anterior roots of the spinal 
(Bernard). 



DIGESTION. 



P. 
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POOD — 1st Tablet. 



Food is any tnbstance, wbfcb, taken into tbe Bystem by tbe alimentary canal, beooDes nbter. 
Tient to either or both of tbe two following pnrpoeep, Tim,, on the one hand tbe mUriHBn 
of the tissues and the suppiy of materials for the various secretions ; on the other hand the producAm 
of heat &* the maintAiance of the vital forces. 

Food must consist of organic substances, that is to say of substances haring formed part of sliring 
organism and containing several proximate organic principles, various complex chemical comfaa^ 
water &* saline matters. — Chemically pnre proximate organic principles, whether taken npt- 
rately or together, cannot be looked upon as normal food, and have eren been considflred d 
late Tears to be incapable, when taken separately, of maintaining life ^Liebig, Lefama&iO ; 
which latter belief is bowoTer unfonnded as regards the nitrogenons proximate organio pru- 
ciples (Sayory). 

The yarious articles of food are mainly snbserrient to the one or the other of tbe two abore nes* 
tioned purposes, according to their containing a large amount of nitrogen or a large amovst 
of carbon or of carbon &* hydrogen, and may consequently be divided into nutritive or plastic, ud 
calorifacient or respiratory. 

Animal food in general contains an abundance, and vegetable food a rdatively small amount, ofmtrt^ 
In the usual mixed diet of man the former is therefore principally /^^il^, the latter prindiallj 
calorifacient. 

The proximate organio principles of animal ft TCfretable diets are however tbe same, theonlf 
difference between the two diets lying in the different proportion in which they ooatainthe 
nitrogenous ft the non-nitrogenous proximate organic principles. 

THE PROXIMATE OHOANIC PRINCIPLES of FOOD. 

The nitrogenoks proximate organic principles constitute, chemically speaking, a TSiy bono* 
geneous group, and may be termed collectively the a/^jmii^£/ principles; they coDtus 
the four essential constituents of organic matter, carbon, hydrogen, oxygoi k nitrogeD. 
The most important are albumen, fibrin, syntonin, casein, gSatin^ derived fivm the 
animal, and gluten ft legumin derived from the vegetable kinf^om. 

TTsi non^nitrogenous proximate organic principles contain but carbon, hydrogen ft arrges. 
They form, chemically sjieaking, two groupft, that of the amylaceous ft that of tiM 
oleaginous principles. — The most important of the proximate organio prinoiplet of the 
amylaceous group are starch, sugar, alcohol, ft their allies. The oleaginous proodni^ 
organio principles are olein, stearin, margarin, ft the vegetable oils. — The richest 
of the non-nitrogenous proximate organic principles both in carbon ft hydroges, aod 
consequently the most highly calorifacient are the fats ft the aloohola. 

The non-nitrogenous proximate organio principles, when taken alone, cannot w u ii i Uam ^It; 
doga fed exclusively on either gum, sugar or oil (with water) emaciate rapidly, io^ 
die on an average about the 30th day, presenting the appearanoea produced by itanv 
tion (Uagendie). Geese similarly fed live but from sixteen to twen^ days^ and low 
from one-sixth to one-eighth of their weight (Tiedemann, Gmelin), 

The nitrogenous proximate organio principles, when taken alone, have also been belief 
of late years to be incapable of maintaining life (Leibig, Lehmann) : A goose feA witb 
whites of eggs died on the forty-sixtb day, dogs fed exclusively on either albsBeB, 
fibrin or gelatin did not live much longer (Tiedemann, Gmelin); when fed however « 
the three substances combined, so as to prevent loathing ft disgust^ they lived as long 
as three montha — Becently animals have been made to live for a consideraUe tisc 
in apparent health, on purely albuminoid substances (Savory). Their tempeiatBi^ 
remained unchanged. The nitrogenous or plastic proximate organic principle 
are therefore calorifacient also, at least when the non-nitrogenons are wanting. ^ 
they calorifacient by being ^n^ transformed in part into a non-nitrtgemoms ternary aw 
poemd, w vk\t the direct combustion of the tissues, which they /mm, thas gives m ^ 
the formation of heat? Both views are probably oomek 
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POOD — 2nd Tablet. 



WHAT, and HOW MUCH BEQUIRED. 



To maintain both life 6^ health the food mast contain both nitrogenous &* non'mtrogenou^ 
proximate organic principles, and must contain the former in quantity sufficient to com* 
penseUefor the waste of the tissues and the latter in quantity sufficient to generate enough 
heat to maintain the normal temperature of the body ; - in other terms the food mnst cor- 
respond to the excreta both in quality & quantity. — It is indifferent what these proxi- 
mate organic principles be, and whether they be derived from the animal or from 
the vegetable kingdom. 

A strong man excretes daily in temperate climates about 10 o%, of carbon and rather more 
than \ oz. of nitrogen. 

Kow bread contains about joper cent* of carbon and / per cent of nitrogen, and meat about 10 
per cent, of carbon and a little more than ^ per cent, of nitrogen. To obtain the necessary 
amount of nitrogen from bread alone a man would have to eac about ^ pounds of bread 
% day, and would then be taking twice the quantity of carbon he requires ; to obtain tbo 
necessary amount of carbon Ixom meat alone a man would have to eat about 6 pounds 
of meat a day, and would then be taking about six times as much nitrogen as he requires* 

A combination of bread & meat would therefore be advantageous ; thus 

Bread ••• •■• ••• ••• ••• 2 lbs., and 

Jieat ••• ••. ••• .«• ••* 12 oz. 

would supply the necessary quantity of carbon h hydrogen (B6oIard). 

Fatty matters being added to the diet, the proportion of bread may be diminished | thni • 
very fair diet li the following : 

Bread .^ m. .^ «• -. 1^ lbs. 
Butter ••■ ••• ••• •.■ M* \ lb. 

Heat ... ••• 1 lb. (Dal ton). 

Playfair recommends a little more farinaceous food and a little less fat. — In both 
diets a little more meat is prescribed than appears to be needful for the migority of 
individuals. 

In cold climates more food, and more of the more highly calorifacient food, is required, 
andy^/j 6r* alcohols are much sought for. The inhabitants of hot climates are on the 
contrary abstemious, and live principally on vegetable diet. 

In actual practice, however, much must depend on the taste &* digestive powers of the indi* 
vidual, and frequent changes of diet are required to prevent loathing ft disgusts 
A regular supply of fresh vegetables is also necessary to avoid the development 
of scurvy. 

These laws of alimentation are carried out in, and are admirably illustrated by, the composition 
of milk, the typical food prepared by nature for the young of the mammalia, and of 
the yelk ft the albumen of eggs^ the first source from which nutriment is derived for the 
embryos of the ovipara. 

Milk contains: 

Wateb .^ *.^ ^ .- ^. ^ ... 9-10th8| 

Solids ... 1-lOth, of which so* 

Sugar forms about ..• ... ... 1-half ; [lidfl 

Caskin ... ^ .~ ... ... 1-Srd; 

BuTTEX ... ^ 1.4th; 

Salts .m ... m« .•• .•• ••• l-50th. 
Eggs contain: 

Water m. ••• ••• • ••• ••• 4>6ths| 

Solids ^ -. l-5th, of which lolidfl 

Oil (principally in the yelk) forms about l-half | 

Albumen (equally in yelk ft white) ... l-half| 

Salts ... ... ... ^ .,. .- 1.20tfa« 



36 



THE 8AIJVA 



1» dmr €9timrtar it alkaimi wHen eolleetecl pure bj meaiM of a fittala from one of the larger glaadf { 
it ia tMn A watery when ooUeoted from ihefatvtid gland, tAici & visnd whan ooUaotod from the 
submaxiilary or the sublingual lit averafce densily is from 1002 to 1009; its temperatnre if 1* 
or r» higher than that of the blood. -The ikuk &» fivthy fluid VMfii^Xj found in ike wuutk'iMh 
mixture of saliva ft mueusi during the interrals of meala, when the mnons predonounatei, thii 
fluid oeaseB to be alkaline, and aometimee it even beoomee aoid. 

Salira oontaina 994 parts of waier per 1000, sarcode'like hodia endowed with the power of ipon. 
taneoQS morement, epithdial'cdls^ ntueus, JaOy maiters, io/te, -among whioh ia a little sulfh- 
eyanide of potassium^ which strikes a deep red colour with a persalt of iron, -also an axobMd 
substance, salhnn or ptyaiint to whioh the chemical properties of saliTa are principally doe. 

The pnrposee serred by saliva are : 

A. Mbchanical - It keeps the mouth in a due eomditiom of moisture, and dissolres npid 
substances, which are thus rendered perceptible to the taste. The fluid saUtfa from tAe parotid 
on being mixed with the food during mastication transforms it into a stfi p9dpy mass; this man 
beoomes eoated with a layer of the more viscid fluid secreted by the submaxillary ^ suUtagnel 
glands, and is then easily swallowed. 

B. CHBX1CAL-It transforms starch first into dextruihhS^Wi.\3x\xi grapo'^ugar, which \ativ 
is sduhle, 6* capable of being absorbed: on being mixed with saliva, starcn paste socnceaM 
to produce its characteristic blue colour when iodine is added, or it beoomes colourless if pre- 
viously coloured ; if boiled with an alkaline solution of tartrate of copper, it now throws down 
the reddish precipitate of the oxide. This transformation takes place partlv in the mouii ud 
fartly in the stomachy where, however, it is probably retarded by the acidity of the gastric jniee; 
It is subsequently resumed in the small intestine under the influence of the panoreatio jsioe A 
perhaps also of the intestinal flaid. It is especially the mixed saHua found in the mouth at metl 
times, and also the saliva from the parotid gland, that have the power of thus acting iipos 
starch. - The saliva acts catalyticalfyt i.e., by mere presence, and its influence upon starch is of » 
continuous nature resembling that of a ferment : an extremely small proportion of ptjalio will 
convert into sugar an almost indefinite quantity of starch, 2000 times its own weight (Kialhe). 

No other substance, except pancreatic juice, and perhaps also the intestinal fluid, is capsbto 
of transforming starch into dextrin h grape-sugar with anything like the same rapiditj is 
saliva; the same transformation is however effected, but much more slowly, by most asetisd 
substances in a state of incipient decomposition* 

Saliva has little or no action eiUier on the oleaginous, or on the albuminoid oonstitaents 
of the food. 

The BtAivA IB secreted most abundantly during meals, vad when food iS directly introduced into thestomatk 
through a gasuic fistula. Mental stimuli resulting from the sight or thought of lusoioiu food, 
the presence in the blood of mercurial salts, mastication, etc., will also aooelerate the flow of 
saliva. - The quantity of saliva usually secreted during the twenty-four hours may be estimsted, 
on an average, at firom \to^ lbs., the quantity iticreasing with the degree of hardness ft dryrua 
ofthefood 

The degree of secretory activity of the salivary glands corresponds with their vaaoular condition 
for the time being, though it is not solely dependent upon this one condition: the/ilWr 
when at rest are but slightly iHiscular, and the small amount of venous blood returning from them 
is dark; when they are mi a state tf activity, their vessels are distended by an abmndant feu ^ 
blood, and, in the veins, the blood is scarlet and the current pulsatory. 

The salivary secretion is governed thecefore, at least to a great extent, by vaso^motor r^lex ox&ny 
the afferent nerves being the gustatory ft the glossopharyngeal, and the motor inflaence being 
derived from the facial, and being conveyed to the submaxillary ft sublingual glands thiongk 
the chorda tympam ft the efflsrent branches of the submaxillary ganglion, and convejed pro* 
bably, to the parotid, through the otic ganglion ft the aurioulo-temporal nerve: - division 4 tki 
chorda tympani or of the facial nerve greatly diminishes Mhe salivary secretion ; irritation oiih» 
distal end of the divided nerve again excites it; removal of the submaxillary ganglion enOrdy arrati 
tt (Bernard). The action of the sympathetic nerve appears to be the reverse of the foregoing: 
division of the sympathetic in the neck (where alone it oan well be effected) or removal of the 
superior cervical ganglion, produces among other results, an increase of the vascular ft aoanUfff 
aotirity of the salivary glands ; irritation of the same nerve diminishes both and renders the leoie- 
tjon thick ft uanty, and rich in the above mentioned sarcode-like bodies. - It must be added howerer 
Miat either the cerebrospinal or the sympathetic nerves, or both, exercise probably some odditisit^ 
* direct influence upon tke^and<dls themselves (Y. physiology of the sympathetio). 
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DEaLUTITION, or the ACT of SWALLOWING 



ICaj be diWded into three parts or acts, whioh take plaoe respectiyely in the mouth, the pharynx^ 
h the (Bsophagus, The first act alone is under the control of the will; the two others taka 
place bj an incontrollable reflex action. 

First Act - The masticated morsel glides backwards between the tongue & the hard palftte^ 
the tongne being pressed against the hard palate sucoessivelj from tip to base. 

SeOOnd Act - The hyoid bone, whioh is the connecting linh between the larynx, the pharynx 6* 
the tongue, is suddenly raised bj its eloTator muscles; the stylo, and palato-glossi & 
-pharyngei acting at the same time directly upon the tongne ft the pharynx. Tho 
three organs are therefore eloTated : the pharynx is raised Tertically ; the tongue, 
especially its base, is drawn upwards ft backwards ; the larynx is drawn upwards 
ft forwards. - In consequence of the displacement of the two latter organs, the epi- 
glottis is pressed against the base of the tongue, and is inclined oyer the superior 
apertare of the larynx. 

At the same time the soft palate is tensed in its upper part by its tensors ft raised in its 
lower ft central part by its levators, and its pillars are drawn together by the action of 
the palato-glossi ft -pharyngei, the upper or respiratory part of the pharynx beings 
thus shut off from the lower or alimentary part. 

By this mechanism : - 

1. The morsel is propelled into the pharynx, 

2. It is precluded from entering the larynx. - It will be observed that the saperkr 
aperture of the larynx being protected by its being brought forwards under the baia 
of the tongpie, the lowering of the epiglottis over it is to a certain extent unnecessary;. 
As an additional protection, however, not only does the epiglottis cover over the 
aperture of the larynx during the second act of deglutition, bat, in the interior of the 

* larynx, the glottis itself also closes at the same moment. 

3. The morsel is prevented from ascending towards the Eustachian tubes 6* thepot^ 
terior apertures of the nares. 

The contracted muscles now rdax. The pharynx immediately resuming its previous posi- 
tion, the morsel of food is quickly carried downwards towards the cesophagus ; it is 
also hurried on by the action of the constrictors of the pharynx whioh contract be* 
hind it. 

Tllird Act - The food is carried through the cssophagus by isoperistaltic action of the latter. 
This consists in the successive contraction of the longitudinal fibres around the 
morsel of food and of the circular fibres behind it. Both actions combine to oaoss 
progression, the one, by drawing over the morsel the portion of the tube into whisk, 
it has not yet penetrated^ the other by propelling the morsel onwards. 
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THE GASTRIC JUICE 



If chart tfisHi, amier'cohmredt acid, nearly faiodoroni^ ft of & ipedflo grmyiij of from 1001 to 1008. 

li oontains 994 parts of ms/^r per 1,000, alkaline ^ eartfy chloridet dt phospkaUs^ and an aiotiied nb. 
■tanoe called pepsin^ to which lattov, conjointly wiUi ^/rte acuC its physiological propertiei in 
principally due. - It is still a debated point whether this free aoid is Iodic aciJ, as is mi^ifitMimii 
by Cheyrenil, Lehmann, Bernard & others, or whether only a small part of it is lactic acid, 6* tk 
remainder hydrochloric acid^ as is generally belioTed by englidi pnysiologiBts : - hydrocblorio 
acid is the add obtained from gastric inice by distillation; that is however bnt an insnffiaeni 
proof that this hydrochloric acid is the free add of the gastric juioe, for were the free add Uotio 
add, hydrochloric add wonld ncTertheless pass OTor among the prodnota of distiUatioD, nnoa 
the lactic add, when heated, decomposes the ohlorides S sets the hydrochloric add frea 
Professor Graham was able to separate by his method of liquid dilTadon a considerable propor- 
tion of hydrochloric add h a small proportion only of lactic adid from a fluid, appftienUy 
gastric juice, vomitod in large quantities in a case of sardna yentricnli. Other adds, loch ti 
acetic h butyric adds, are also found in the stomach during digestion. 

The add is formed in the most superficial layers of the mrneons memhrane, the pepsin in the cdh cfthi 
peptic fMicles ; and the two are mingled togiher only when discharad into the stomach: -when 
lactate of iron h ferrocyanide of potasdum are injected separately into the jugular ydn, no & 
coloration takes place in the tissues h fluids g^enerally on account of their alkalimty, bsi on 
the surface of the mucous membrane, and on the surfiBkoe alone, the blue tint of the ferrocTsniite 
of iron rapidly appears (Bernard) ; - when the stomach has been thoroughly oleauMd bj 
careful washing till no trace of acidity remains, a fresh supply of pepdn, no longer add bnt 
neutral, may sUll be obtained by further maoeration. 

The quantity of gastric juice secreted daily Tariee probably fit>m 1.20th to USth or l-lOth of tlM 
wdght of the body, or in man from 10 to 20, and sometima dOlis. It is only when food or lome 
fordgn substance is introduced into the stomach that the gastric juice is secreted, the mnooot 
membrane becoming at the same time reddened ft turgid; the mucous membrane, when it 
resft^is pale, and its secretion is alkaline. 

The process is doubtless governed by vaso^motor refUx action^ bnt it is in no wise dearly msde otrt 
what are the respectiye influences upon it, of the pneumog^trio ft sympathetio nenres. Dm- 
sion of the pneumogastrics in the neck puts a stop to digestion (Bernard), the process, howeTer, 
bdng subsequently restored (Beid); the suspennon of the process being dne either to the 
paralysis of the muscular fibres of the stomadi (Long^t), or to the disturbance of the respin* 
tory frmotion through the suppressed action of the pidmonary branches of the pnenmogastrio 
(Budg^). Irritation of the sympathetio stops the secretion, says Bernard; the division of the 
splanchnic nerves ft the removal of the semilunar ganglia by Budge, Schiff ft others prodooed 
howcTer but little or no effect. 

The gastric juice softens^ reduces into pulp and finally dissolves the albuminoid principles of the foodtroMi" 
forming them, first into a series of intormediato ft variable products termed para-, mots-, i 
dyspeptones, ft a, b, r, peptones (Hdssner), and transforming them finally into one definite 
product, the true albuminose or pettone* This latter has the same chemical composition as white cf 
egg, and is very nearly identical, from, whatover albuninoid substanoe it be derived. It ib 
soluble in all proportions in wator, very diffusible, and it rotates the plane of polarized light to the 
left. It is no longer coagulable by nitric acid or by heat, though still preoipitable by metallio nits, 
strong alcohol ft tannic acid. - The para-, meta-, ft dyspeptones ft a, b, c, peptones differ from 
each other ft from the definito or true peptone mainly in their relative solubility in nentnl & 
add solutions, and in their precipitability by nitric add ft by ferrocyanide of potassium 

Gelatin ft gelatin-yielding tissues are acted upon but slowly by the gastric juioe, and the 
•fluid resulting from their solution retains -for fome time its power of solidifying. Gastric jnice 
has little or no action on either the amylaceous or the oleaginous constituents of the food. 

These statoments are proved by the observation ot artificial digestions, conducted either by meaniof 
gastric juice obtained through a gastric fistula, or oonduotod by means of an artificial diges- 
tive fluid, which may be prepared by macerating in wator a portion of the mucous membrnne 
of the stomach of a pig or of the rennet-bag of a calf, sheep, or ox, and then adding a Httle 
hydrochloric add ; it is also proved by the results of natural digestion both in the stomach of 
animals killed a short time after a meal, ft in that of patients afflicted with an accidental gts- 
trio fistula. - The stomach does not digest itsdf on account of ite walls being saturated wifA tke 
alhaline salts of the blood drculating in ite capillaries ; - if ite arteries are tied, the stomach ii 
soon destroyed (Pavy), as it is after death when death occurs during the digestive process. 

Certain conditions are necessary to the action of the gastric juice m to that of the artifidal digestive flnids: 
the acidity of the fluid must not be neutralised or Uu fUsid mscst be rendered acid; the temperature 
must be above A£f* or 60^ and below 120^. A temperature of about 100**, the division <&* sofinci of 
the nitrogenous substance, and ita frequent agitation condderably assist the action. t 

The gastric juice acts catalytically, i.e., by mere presence ; ite action differs however fit>m that of • 
ferment in ite not bein^^ indefinitely continued, in ite not requiring the presence of oxygen, and 
in ite not causing the evolution of carbonic add. - The change effected in albuminoids by the 
gastric juice consists, according to some, in their becoming combined with water ; metunor* 
phoeet Mialogous to those effected in digestion may be produced by prolonged boQing in water. 
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DIGESTION in the STOMACH or GASTBIC DIGESTION. 



JVom one to two houni after a meal the contents of the stomach are found transformed into 
chyme, which is a thick pnltaceone, gmmons sabstance of a strong disagreeable add taste 
& odonr, variable in colour according to the nature of the food taken, often colonred by the 
admixture of bile. 

Chyme contains : - 

1. The nitrogenons or albuminous prindples of food partly dissoWed, that is to say 
transformed into albuminose or peptone, partly reduced to a pulpy state only, and forming 
in that condition the gpreater portion of the chyme. -The gastric juice meets in the stomach 
with the conditions the most faTOurable to its action, a temperature of about 100 F., the 
state of division ft softness, and the constant agitation of the substande upon which it has to 
act; to which fayourable conditions may be added the repeated remoyal of those portions 
of food that haye been acted upon, by which remoyal the remainder of the food is brought 
into closer contact with the solyent fluid. The transformation of the food into chyme & its 
dissolution take place therefore much more rapidly in natural digestion than in the artifi- 
cial digestions as they are usually conducted. 

2. Starch & amylaceous principles with a little dextrin & grape-sugar, the two latter 
being the result of the action of the saliva upon the former, which action begins in the 
mouth & is probably carried on also to some extent in the stomach. A small portion of the 
grape-sugar appears to be further transformed into lactic acid. It is only in the small 
intestine, however, that the mass of the amylaceous food is digested, that is to say rendered 
soluble in the form of grape-sugar, and made capable of being absorbed. 

3. Oleaginous principles in a fluid condition ft in a state of considerable division, but 
otherwise unchanged. The state of division of the oleaginous principles is due to their 
being set free gradually from the areolar ft other tissues in which they are contained, by 
the solvent action of the gastric juice on the latter, and also, probably, to the mechanical 
action of the walls of the stomach upon its fluid contents. ^ 

4. Insoluble sabstances not capable of being digested. These are animal ft vegetable. 
Some animal substances ft structures, dense, hard and but slightly vascular, are acted upon 
very slowly, and, during the time of a normal digestion, but very imperfectly by the gastric 
juice ; such are cartilage, fibro-cartilage, the white fibrous ft yellow elastic fibrous tissues, 
the walls of the blood vessels, the skin ft mucous membranes, etc. Such rather exceptional 
parts of food are not digested in the stomach, nor, usually, in the intestine either, and, 
being but slightly modified, pass out with the fcsces. 

The gastric juice has no special solvent action on tbe aum-iiitrogenous principles, 
which form so large a part of vegetable substances. These latter with the above men- 
tioned insoluble or scarcely soluble animal substances, pass early from the stomach into 
the intestine. They are no longer found in any quantity in the stomach when the greater 
mass of the nitrogenous parts of the food are still contained therein, and are the first to 
make their appearance at an abnormal opening, such as an artificial anus . Some of the 
parts of vegetables, such as the walls of the sap-vessels, the spiral vessels, the cell mem- 
branes, and lignin generally, are equally insoluble, even in the small intestine, with the ani- 
mal substances ft structures above mentioned. This opens up a view of the digestibility of 
the various articles of food difierent from that taken by Dr. Beaumont. 
Liquids ft dissolved substances are immediately absorbed by the stomach ft also by the intes- 
tine, into which they pass rapidly. Alcoholio drinks appear to give off a littie acetio acid. 
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THB AGENTS of the INTESTINAL DIGESTION. 



TBE BILK - Grtaay assists thi pancrmHc Jmce m eimUafyittg tki fatfy p^rtiom tf tki food, and 
fitdlitati* their absorpiUn tkrou^ the coats of the mtestinex - The lig^tnre of die oomraon bile 
duct immediately transforms the white milky contents of the intestinal laoteals after % 
meal into an almost transparent floid containing bat about | the normal qoantity of fiit 
globnles. Animals soon die after the operation on aooonnt of the reabsorption or non- 
eUmination of some of the principles of the bile. The more satisfiustorj operation of estab- 
lishing a biliary fistnla allows of a more prolonged experiment^ the animal dying baft 
slowly and from the oonseqaenoes of Insofiioient nntrition only; a large proportion of fat 
is then continnally foond in the fosoes. — Bile has no action upon the albuminoids, and bai 
bat a very slight action upon the amylaceous principles, — (Vide also Secretion of bile). 

THE PANCREATIC JUICE — Is clear colourless, alkaline, viscid and chemioally more 
aotiTe about two hours after a meal, more watery ft less aotive later on. ^ The ayerage 
qaantity daily secreted in man is estimated at from IS to 16 oss. (Bidder). 

It contains 980 parts of water, salts very similar to those foand in the aalira (except that tbe 
salpho-oyanide of potasaiom is deficient) and a pecaliar nitrogenona sabstance termed 
pancreatin, to which however it is a mistake to attribate its digestive power (Foster). 

It transforms starch into dextrin and subsequently into grape-sugar, as does the saliva. 

It shares with the bile, bnt it possesses to a maoh greater degree than the latter, the property of mul' 
cifyingfat : - Fat appears in abandance in the fasces when the pancreas is diseased or when 
its dnot is tied. In the rabbit the fatty matters, thongh sabjected to the action of the bile 
which is poared into the intestine a little below the pyloros, remain nearly nnohaoged 
in the part of the intestine sitaated above the opening of the main pancreatic dnot, (which 
latter opens 10 or IS inches below the> common bile-dact) and the corresponding lao- 
teals contain bat a thin watery fiaid( Bernard). 

It has probably a slight action on the cUbuminoids, especially when it co-operates with the gaatrio 
jnice. 

THE INTESTINAL FLUID — Is secreted by the tabolar glands or glands of Lieberkuhn 
and by the small conglomerate glands of Brunner. 
It is ooloarleas, viscid, alkaline, and contains water, salts, fatty matters, and an organic prin- 
ciple. The average qaantity daily secreted in man is estimated at abont 7 oss. (Bidder k 
Schmidt). 
\i transforms starch into dextrin and subsequently into grape sugar, and dissolves the albuminoids: 
- A case Is on record, in which the contents of the stomach were, by a fiataloof 
opening, completely prevented from entering the small intestine ; upon food being intro* 
daced directly into the lower part of the small intestine, its albamen was dissolved, aad 
its starch was converted into sugar; the fats were, however, but slightly or not at all 
emulcified (Basoh). - The flaid, doubtless abnormal, which coUaota in a loop of iatestise 
tied at both ends, appears^ howeTer^ to be nearly inaotiret 
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INTESTINAL DIGESTION. 



^ J .^ : ..►-I 



Ifti oljeot is to emnldfy the fats, and to complete tbe transformation of the amylaoeons food 
into dextrin & grape-sngar, and the transformation of the albuminous food into albnminose 
or peptone. 

This is effected hj the joint action of the bile, panoreatio joioe ft intestinal fluid, and, in the 
upper part of the intestine, by the continued action of the saliva ft gastric joioe. 

The oleaginous principles of the food leave the stomaoh in a fluid condition ft in a state of 
considerable division, but otherwise unchanged. They are emulcified in the upper part of 
the small intestine by the joint action of the bile ft pancreatic juice, and are thereby ren- 
dered capable of being absorbed. 

The amylaceous principles of the food are acted upon to some extent by the saliva both before 
entering the stomaoh and daring their stay therein. The g^eat mass of the amylaceous 
food is however undigested when it enters the small intestine. It is here acted upon by 
the pancreatic juice ft by the joint secretions of the glands of Brunner ft Lieberkiihn, and 
is transformed flrst into dextrin and then into grape-sugar, which latter is soluble ft capa- 
ble of being absorbed. - The gpreat length of the small intestine in the herbivorous ani- 
mals corresponds to the difficult digestion of vegetable substances, especially when they 
are uncooked. 

The albuminoid principles of the food are especially acted upon in the stomcush, which they leave 
only when they are reduced to a semi-fluid condition by the action of the gastric juice. 
Their transformation into albuminose or peptone is completed in the small intestine by the 
continued action of the intestinal fluid ft pancreatic juice. 

All these changes take place principally in the upper part of the small intestine. They are 
continued however in the lower part of the same, and even to some extent in the larg^ 
intestine, for nutrient enemata are of service when no food can be taken into the stomach. 

There is no reason however to believe that any special digestive process takes place in the 
ooDOum or in any other part of the large intestine. 
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THE FUNCTIONS of the SPLEEN. 



The ipleen 

L - Is a seat of disintegration of the red blood eorpnseles - ^^ ti&eM are greatly 

diminished in number in the blood of the splenic Tein, while they ere fonnd in 
ebnndanoe in the splenio pnlp, where, according to Kolliker^ they collect into heaps, 
and become surrounded by a cell-wall and more ft more altered in form ft colonr 
till they are finally converted into pigment grannies. 

XZ. - Is a seat of formation of fibrin & of the white or lymph cozpusclesy which 
latter are probably the germs of the ftitare red blood coipiiscles 

(Vide functions of the' blood glands in general) -For the blood of the splenic rmn 
contains an unusually large amount of white corpusoleSy sometimes as many as 1 to 
erery 60 red corpuscles (Hirt), and of fibrin, sometimes as much as 11 parts per 1000. 

m. - Probably elaborates the albnminoiis or formative materials of the food- 

For it is much the largest towards the close of the digestiye period, or about four or 
five hours after a meal, and its parenchyma then contains an unusnally large 
amount of finely granular albuminous material & of young nucleated & non«aucleated 
cells ft free nucleL The Halpighian corpuscles are also largest ft moat numerous 
when the nutrition is actiTe. 

XV. - Is a diyerticolnm to the portal system. 

K, It must be observed that all these fimctions may be perfivmed by other otgaii^ 
since the spleen has frequently been remoTodi even in man, withosk any 
•eriona eifeots resulting. 
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THE FUNCTIONS of the LIVEB 



Are twofold^ depnratiye ft asaimilaiiTe. 

Depurativo Action - Frees the blood from foreign substaDoea & from effete protein com- 
poTmde ready to nodergo retrograde metamorphoses. - A part of these compoands, 
i^, that part which contain the nitrogen A the sulphur, are, in the form of bile, 
made subservient to the digestive process before they are finally discharged. 

Assixnllative Action - Modifies the albuminose & the sugar conveyed to the liver from 
the alimentary canal, and also, probably, the remainder of the above mentioned 
protein compounds, and, after rendering them fit for nutrition, forms out of them olea- 
ginous ft amyloid materials, which are subsequently transformed into blood ft 
tissues : - When either albuminose or cane sugar is injected into any vein but the 
portal vein it is immediately eliminated through the kidney; it is on the oontrazy 
assimilated when it is injected into the portal vein and thus subjected to the action of 
the liver. 
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THE SECRETION of BILE 



Probably unooxits daily in man to 2 or 8 ponnds. 

Though never entirely interrupted, the process is grreatly accelenUed from one to two hamn after < 
meal. The bile is then poured out in abnndanoe both from the liver ft the gall-bladder, 
the latter contracting to expel the bile previously collected in it. The relatively small 
amount of bile secreted during the intervals of meals is pressed up the cystic duct into ihs 
gall-bladder on account of the closure of the orifice by which the ductus communis ohole- 
dochus communicatee with the duodenum, this orifice being forced ope^ only when the 
gall-bladder contracts ; the peristaltic action of the bile-ducts probably assists also in pro- 
ducing the retrograde movement of the bile. 

Bile is a heavy^ viscid fluid of a gteenish-yellcw colour, very Hirer, neutral or slightly alkaline, and of 
a specific gravity of about 1020. When retained in the gall-bladder it becomes darker, 
more viscid ft ropy, through increased concentration ft the addition of muous. 

Bile contains water, Min, fats, colouring matters, mucus ft salts in the following proportion per 
1000 paris of bile : 

Water, 860. 

Bilin, 90. - Bilin is a resinoid substance formed by the combination with soda of 
two resinous acids, the gtycocholic 6f the taurocholic, the latter of which contains sulphur 
while the former does not. It is soluble in water, alcohol ft alkaline solutions, and is the 
most important constituent of the bile. 

Fats, 9 : " Olein, margarin, oholesterfn probably held in solution by the bilin; also 
alkaline oleates, stearates ft margarates. 

Colouring Matters: - BUiverdin, which is green; ^i/^%«/z79f, which is yellow; 
both closely allied to hsBmatin. On the addition of nitric acid they become dark green. 
With the mucus, from which they cannot well be separated, they form about 30 parts 
per 1000. 

Muons " Derived principally from the gall-bladder, but partly also from the 
hepatic ducts. 

Salts, 7. - The most important are the chloride of sodium, the carbonate ft phos- 
phate of potash ft soda, ft the phosphate of magnesia. Bile contains also some iron, and 
frequently also a little copper. 

The bile is secreted mainly from the portal blood ; it therefore diminishes greatly in quantity when 
food is withheld, and ceases entirely to be formed when the vena portas is tied. If, however, 
the constriction of the vena portss is gradual, the secretion will continue to some extent 
through the then probably increased supply of blood from the hepatic artery. 

The bilin ft the colouring matter do not preexist in the blood ; they are formed in tbe liver 
during the act of secretion of the bile, and ave probably derived in part from the products of 
organic disintegration, and in part from the portion of the albuminoids which is simply 
assimilated into the blood and which does not undergo metamorphosis into tissue. 

Irritation or division of the pneumogastric nerves below the diaphragm does not affect the biliary 
secretion. Division of one or both nerves higher up interferes with the secretion, probably 
in oonsequenoe of the effect produced on the oiroolation ft respiratioib 
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THE USES of BILE. 



L Oreafly asslrts the pancreatic Juice in emnlcifying the &tty portions of 
the food, and jEBtcilitates their absorption through the coats of the 

intestine. -Vide Agents of the intestinal digestion. 

n. Prevents the decomposition ft putrefaction of the food during its passage 

through the intestine - After ligature of the bile-daot or the establishment of ft 

biliary fistnia the contents of the intestine become mnuh more fcdtid than they nsnally 
are. 

m. Acts as a slight purgative, increasing both the qnaatity of the fluid secreted by, 
and the Tigonr of the peristaltic contractions of, the walls of the intestine. A scanty 
supply of bile produces constipation, an ejLoess induces diarrhcoa. 

ZVa Is an ezorementitious fluid, ^7 which the excess of carbon & hydrogen, not used up 
by the respiratory combustion, is separated from the blood* This is shown on the one 
hand| by the elementary composition of bile being so very rich in carbon & hydrogen 
& so deficient in nitrogen (0,,n,,NgOgg , Liebig) , and on the other hand, by the 
fact that the secretion is actively carried on both during intra-nteriue life (when the 
liTer if even remarkable for its size & Tascularity) and during the winter slumber of 
the hibernating animals: -The meconium of the foetus is but thickened bile admixed 
with mucus, and the faeces of the mole during winter are very little more. 

The biliary excretion is therefore vicarious to the pulmonary. In the case of 
the adult this holds true particularly in hot climates, where the high external tern* 
perature renders necessary the combustion, for the maintenance of animal heat, of 
but a small quantity of carbon & hydrog^en, and where, however abstemious a man 
may be, his liver is much more active, and alto much more liable to be diseased, than 
in the temperate or cold regions of the globe. - It must however be remembered 
that in the adult a large proportion of the bile, which proportion comprises nearly the 
whole of the bilin, is reabsorbed in the intestine, the fats & the colouring matters 
being alone excreted with the foeces. The reabsorbed bilin is believed to be oourerted, 
by the respiratory combustion, into carbonic acid & water, its sulphur probably reap- 
pearing in the acids of the sulphates found in the urine. The elimination of carbon 
ft hydrogen, through the bile, is therefore, in the adult^ to some extent indirect' 
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THE AMYLOID SUBSTANCE — olycooh5h rBemard), hepatin 

(Favy), ZO-AMTLZNE (Ronget). 



Is formed in the liepatio oells^ and may be extracted from the liver by breaking up the organ 
ft maoerating it in water, boiling the water in order to ooagnlate the albumen, filtering, 
and adding a little aoetio acid or alcohol, either of whioh latter reagents will predpitote 
the snbstanoe sought for. 

« 

It is white, flocculent, tasteless, soluble in water, insoluble in alcohol ; Identical in chemical 
composition wifch starch, sugar ft dextrin ; and rapidly transformed, when an albumindd 
ferment is added, first into grape sugar and then into alcohol or acetic acid. It forms a 
reddish yiolet compound with iodine, but does not reduce the salts of copper. 

It is probably derived from the three following sources: - 

1. From tM^ amylaceous principles of the foodf tot it is found most abundantly in the 
lirer when purely vegetable diet is taken. 

2. From the albuminoid priftciples^ for the blood of the portal vein is rich, and that of 
the hepatic veins relatively poor, in these priaotples (M'Donnell). 

8. From disintegrated protein compounds reabsorbed from the bloody only a part of which, 
probably, are employed for the formation of the bile. 

Its uses are still enveloped in obscurity. 

The theory of its transformation into sugar (Vide History of the ''Glycogenio 
Function") must now be rejected: -whatever be the nature of the food administered, the 
liver contains little or no sugar during life. There is also during life very little or no 
difiisrenoe in the amount of sugar foand in the blood of the portal ft in that of the hepatic 
veins. It is only after death, that sugar is formed in the liver, unless abnormal conditions 
be induced by the exhibition of morphia, phosphoric acid or strychnia, or by the ixgection 
of chloroform or ammonia into the portal vein, the irritation of the fioor of the 4th ventri- 
cle, the division of the sympathetic nerve in the neck, etc 

Dr. Pavy, to whom science is greatly indebted for dispelling an important pnysiolo- 
gical error, suggests that the amyloid substance represents a first step in the assimilation 
of the amylaceous principles of the food, that it stands, as a transitory product, in an inter- 
mediate position between these latter principles ft the fats, and that it arises from the 
fat-forming process stopping short in the liver at an imperfectly evolved substance^ the 
final evolution of which substance into fat is subsequently accomplished either in the 
liver or elsewhere. 
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THE HISTOBY of the "GLYOOGENIO FUNCTION" of 

the LIVER 

Is now bnt an interetting page of past phjsiological research, which reads in a few 

words as follows : — 

'One of the functions of the liver is the formation ot sugar, which being taken up by the hepatic 
^ veins and being easily oxidisable, forms the material, the subsequent combustion of which 
" thronghont the Tasciilar system is the principal source of animal heat** 

^ Sugar is not formed directly in the lirer. It is preceded by a sabstance yery similar to, and 
** indeed identical in oomposition with starch, which substance is termed glycogen 
"(Bernard), hepatin (Payy), suh-amyline (Bonget). This sabstance is immecUately 
* transformed by the action of albuminoid ferments, first into grape-sugar, and then into 
''alcohol ft lactic acid.*' • 

'This transformcUum of glycogen into sug^r is constantly taking place in the lirer duristglifi. 
" It continues even after death ; after washing out completely the vascular system of the 
' liver by injecting water into the portal vein xmtil the fluid escaping from the hepatio 
" veins was perfectly colourless, and ho longer contained a trace of srgar, Bernard again 
"found sugar in the fluid of subsequent injections performed at intervals during 24 hours. 
" The repeated washing of a portion of liver tissue proves also the same continued forma* 
"tion of sugar after death." 

'The precise origin ft mode of formation of glycogen ft sugar is still uncertain. Though sugar 
" is much more abundant in the hepatic veins, and in the circulatory system generally, 
" after a meal, especially if a considerable quantity of sugar or amylaceous substances 
" has been taken, and though much more sugar is obtainable from the liver of herbivorous 
"than from that of carnivorous animals ( 4 per cent, from that of a calf, 2 per cent, from 
u that of a dog ), it canif^/ now be objected, as it originally was by Sanson ft others, that 
" the sugar found in the blood is derived from the food, for sugar is still formed in the 
" liver, and is even found in the blood in nearly the usual proportion in the case of starving 
" animals or of animals fed wholly upon meat or fat ; after a meal the blood in the jugular 
"vein of a horse contains .06 per cent, of sugar and that in the hepatio vein^ 1.13 (Poiseuil- 
"le ft Lefort) ; when the animal has been fasting for a week the respective proportions 
"are .05 (Chauveau) ft 1 per cent. (Marshall)." 

'The glycogenic function of the liver is therefore to a certain extent independent of the ab- 
"sorbed products of the alimentation. It is probable however that the materials with 
" which the liver forms sugar are principally derived from the albuminoid principles of the 
**food, for it has been shown that the formation of sugar diminishes ft that the tempera- 
" ture falls in animals fed wholly on oil or chemically pure starch, while both are normal 
"in animals fed on albuminous diet only. (Bernard, Schmidt, Savory)." 

'The glycogenic function is governed by the joint action of the pneumogastric nerves, acting as 
^centripetal nerves from the lungs to the nerve-centres, and of the vaso-motor branrhes of 
"the sympathetic which supply the vessels of the liver. It is probably regulated accord- 
" ing to the quantity of oxidisable substance required for the maintenance of animal heat 
" ft is thus rendered subservient to the respiratory functions. The section of the pneumo- 
" gastric nerves above their pulmonary branches restrains the formation of sugar, while the 
" formation of sugar is greatly increased by the irritation of the roots of the same nerve 
"on the floor of the 4th ventricle (Bernard), or of the upper part of the medulla oblongata, 
" and also by the section of the g^at splanchnic nerves or of the sympathetic in the neck, 
" a temporary diabetes immediately resulting. It is probable that the increased formation 
"of sugar depends on the temporarily increased vascularity of the liver for the direct 
^ "stimulation of the liver b/ acupuncture needles (Schiif) or by irritating iigeotionR 

' ( Harley ) produces the same effect." 



36* 



NEW POINTS in DIGESTION. 



' ■■! w^^r^ 



Actiye Prinoiplesj or Ferments/ of the Saliva and Qastrio A Panoreatio Juices, 



wv^femmtc^m 



These were believed np till rery lately to be niirogenous suksiances; it is now more than 
likely that they are net:" If a saliTary gland, or a portion of the gantrio mnooas membrane, or of 
the pancreas, be left standing nnder alcohol for some time, the proteids they contain will 
become coagulated and insoluble either in water or glycerine. Nererthdess either an aqueous 
or a glycerine extract, though it contain little or no proteid material, will be found to be 
aotiTe^ amylolytic or peptic, or both, as the case may be. The more elaborate method of Briicke 
supplies a oigestiTe fluid, which presents none of the ordinary proteid reactions, but which, 
neyertheless, is exceedingly active. 

These ferments exist in the several fluids in extremely small quantities. They probably act 
catalytioally, fV., by mere prefence : there is no evidence that they are subject to any change 
dbring the chemical action to which they give rise. It is probable, therefore, that the loss of power 
which they may sustain is due to simple wear k tear. Boiling destroys their activity, as does 
also the action of strong adds, or strong alkalis. 

*The term "ferment," though aanctioned t^ modem uisge, is here Mmewhat mlBapplied : — 
TheM active principles are not uVing organisms, like yeast ; they are not gendered by an organic 
predecessor in the shape of a germ. Keither is the presence of oxygen a necessary condition for their 
action, nor is carbonic acid a product thereol They are merer secntionii whose action is cheminl. 
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Chemical Constitntion of the Starch-OoipoBcIe. 



KT «.«!««. . 



The enveloping membrane of a staroh-corpuscle consists of eeUulou^ which is acted upon 
with great diflflculty by the digestive fluids i this substance gives no blue colour with iodine^ 
unless sulphuric acid be added. The interior of the globule consists of granuloses which is 
much more easilv acted upon, and which immediately gives a blue colour with iodine alone. - 
When starch is boUed, the membrane of cellulose is ruptured { the saliva has then a ready 
access to Uie granulose : starch paste is digested much more rapidly than raw starch. 

^UTthrogrannlose. 

Combined with the granulose of the interior of the starch globule, Briloke distinguishes a 
little ^y^Mfv^raifif/^J'^, which gives a red colour, not a blue colour, with iodine, and is less rapidly 
acted upon by saliva. 

ESiythrodeztrini and Achroodex trin. 

"^^ Brucke also divides dextrin into erythrodextrin &• achroodextrin, Brythrodextrin is the 

product usually described under the name of dextrin : it is easily acted upon by saliva, and it giyea 
a red colour with iodine. Achroodextrin exists in small quantities only ; it gives a yellowish 
colour with iodine, and is acted upon with difficulty by saliva. An amylaceous fluid which has 
been acted upon by saliva till it no longer gives either a blue or a red colour with iodine, may 
still contain a certain amount of dextrin in the shape of acroodextrin. 

Action of Dilute Adda upon Starch, 

Dilute acids transform starch into soluble starch or amidulin^ which, like dextrin, forms 
a clear solution with water; but still gives a blue colour with iodine. It is suggested that, in 
the stomach, the gastric jnice might transform some of the starch into amidulin. The amidulin 
would subsequently be transformed into dextrin h grape-sugar in the intestinal canal, as is 
ordinary starch. 

Action of Saliva upon Starch. 

Another account of the action of saliva upon starq}i it that it first splits up the starch into 
sugar and dextrin, and then transforms the dextrin into sugar. The change consists essentially in 
the assumption of a molecule of water. 

The action is favoured by a temperature ICO** F., or 40? C, by the alkaline reaction of the 
medium, by the progressive removal of the sugar formed. It is hampered by high & by low 
temperatures, by an acid mediam, by the accumulation of the sngar. 

The degree of chemical activity of the saliva, and the relative activity of the several kinds 
of saliva, vary greatly in different animals. In man the submaxillary saliva is more active than 
the parotid saliva. - With fats, saliva produces a feeble emulsion. 

Note ~ When mixed with macus, gastric jnice transforms cane-sugar into 
grape-sugar. Cane-sugar, when in excess, causes an abundant secretion of 
mucus, and thus provides for its own digestion, 

17 



88' 



The Free Aeid of the Qagtrio Jnlce . 

Is now definitely proTed to be hjdrooUorio aoid, for the amount of hjdroolilorio aoid in 
gaatrio jnioe is shown to be greater than can be neatralised by the bases preseat. The prop3rtioii of 
Iree hydrochloric acid is *03 per cent. Laotio, bntyrio, and other acids, when present^ ara the 
result^ either of fermentation, or of the decomposition of their alkaUne salts by the fres 
hydrochloric acid. 

The activity of an artificial peptio digestive flaid is broaght np to its mazimnm by taoh 
flnid being acidified with <03 per cent, of hydrochloric acid. Other adds are less elBoieat si 
regards digestion. 

There is an intimate connection between the acid & the ferment. They act together u 
one oomponnd^ to which, indeed, the name peptO'hydrochloric has been giren« 



Parallel between the A o tlon of Dilute Aoids A that of Qastrio Ja ioe apon the 

" Alboxniiioids. 

1. Dilute acids transform the albnminoids into aoid-albnmin or syntonin, which, thoagh 
easily dissolved in slightly acid floids, is thrown down at any time npon neatralisation. Gascria 
joice transforms the albuminoids into peptone, which is not thrown down upon neutralisation. 

2. Keither solution is ooagnlable by heat. 

Further Remarks upon the aboye mentioned Solutions. 

It must be remembered that it is only by a slow process that albumin is transformed either 
into acid-albumin, or into peptone, as the case may be. Therefore, if raw white of egg^, ie^ 
uncoagulated albumin which is soluble in water, be used in the experiment, and if the solafcioos 
be tested too soon, they will both bo found to be partly coagulable by heat, ft partly precipitable npoa 
neutralisation r •• The acid solution will be partly coagulable by heat, because it will still contsia 
■ome native albumin not yet transformed into acid-albumin; it will be partly precipitable apia 
neutralisation because it will already contain some acid-albumin. The peptic solutiam will be 
partly coagulable by heat because it will still contain some native albumin not yet transformed 
uito peptone; it will be partly predpitable npon neutralisation because it will contain, in addition 
both to the native albumin, and to the peptone that has been formed, a portion of the albuminoid, 
which, on the one hand, is no longer in the condition of the primitive native albamin, bot, oa 
the other hand, is not yet in the oondition of peptone. This initial or intermediate product ii 
referred to below %a parapeptmu ft its several varieties. 

Furth er Remarks upon the Neutralisation Preoipitates. 

As regards the precipitate thrown down, it will, in the case of the aoid solution, fepressnt 
the whole of the albumin that was dissolved; in the case of the peptio solution, it will repre- 
sent, on the contrary, but a portion of the albumin dissolved ; - and this portion will be reUtirely 
large in the early stages of the reaction, and relatively small in the later stages. 

Further, the precipitate obtained from the add solution is always the same at whatever time 
it is thrown down ; it is alwsys the well defined product termed aoid-albnmin. From the peptio 
solution, on the contrary, slightly different precipitates are thrown down, aeoording to the 
time at which the precipitation is effected. These precipitates are the somewhat ill-defined 
|n:oduots termed para-, meta*, ft dyspeptones. 

Note - U the peptio digestive fluid be snificientlT active, and the process of digss- 
tion be sumdeotly prolonged, the whole of the proteids may be oonverted into 
peptone; in such case there will be no neutralisation preoipitate. 
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Dlga«tive Pr ote id Met aboliam, or Proteolysl a. - Vie wa of Brttoke, Mels aner, ft 

*" Kohne. 

Braoke held that, in gMtrio or peptic iligestion, the albaminoids are first transformed into 
Byntonin or parapeptone, and that this sjntonin or parapeptoae ll sabseqaenttj conyerted into 
peptone. 

Meissner held that the syntonin becomes split up into peptone A <' parapeptone," - this " para* 
|)eptone" being characterised bj the doable fact of its incapability- of being transformed into 
peptone by the continued action of gastric jnice, and of its capability of being so transformed by 
the action of pancreatic juice, and being therefore, to all appearances, identical with the anti- 
albuminate of Kiihne mentioned below. Of peptones, Meissner recognised three yarieties, the 
a^bt &* c peptones, the latter being the final or perfectly eyolred peptone. He farther recog- 
nised two snbsidiary prodnots, metaptftone &* dysfeptone* 

Kiihne held that the albaminoids are split np both in gastric or peptic digestion, and in 
pancreatic, or, as he called it, in tryptic digestion, into two parallel series of products, the an/i&* the 
Jiani series. From the initial prooucts to the final products, these series contain : 

1. AfUiaibufninosf^ &* Hemialhumimfse^ which are subsequently transformed respeo- 

2. Aniipeptone^ 6^ Hemiptpion^. [tiyely into 
In peptic digestion, antipeptone a hemipeptone are the two final products ; they are both 

peptones in the ordinary sense of the term. In tryptic digestion, on the contrary, though anti. 
peptone is still the final product of the anii series, hemipeptone is no longer the final product 
of the kemi series : it is subsequently transformed int»4eucin, tyroain, fatty aoids, A Tolatile 
bodiesii f>., into the yarions products of pancreatic digestion, among which is indal* 



Bwrpectlve Shares of Action, in Peptic DigeBtlon, of the Hydroch lorio Acid| A 

"'""""*""""'"'~~"""""~"""""~"'""~~"'""'""'*''''*~"^ ^of the Pepain. 

Are stated by Kfihne to be as follows, namely, that though the acid alone can eyolye the 
two products of the hemi series, the cooperation of both digestiye agents is necessary to effect 
the perfect eyolution of the products by the anti series : - Acting on albuminoids at 40^ O., 
dilute hydrochlorio acid giyes rise to hemialbuminose h hemipeptone, and to aniiaibummaU; 
which latter is transformed into antipeptone by trypsin only, not by pepsin, and is thefore 
apparently identical with the "parapeptone" of Meissner. This antialbuminate is formed in 
greater or less abundandanoe in all peptic digestiye fiuids poor in pepsin. 

* Note -It will be obseryed that the term ** Syntonin*' has been used in two 
different Eonses, » as synonimous withparapeptone h its seyeral yarieties^ 
and as synonimous with acid-albumin. TIds slight misuse of language is sanc- 
tioned by usage, and adopted for conyenienoe* sake. It is partly justified by the 
fact that the three substances, though of different origin, and possibly of 
different oonstitation, are ekemicaily undistinguishable^ or soaroely distin- 
gnishable, one froi% the other. 
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The Active Prinoiples of Faaoreatio Juice 



Are probably three in number : - one acta upon the starch ; a second acts upon the proteidf ; 
a third emnloifies the fats. 

The emuloifying^ power appears to be dae, in part at least, to a speoial form of aUnIi« 
Dlbnmin, which is closely associated with sodium carbonate, and is precipitable on saturatioa 
of the juioe with magnesium sulphate. This ageot emuloifiea neutral fats, and splits them 
up into their respective acids & glycerine ; - the mixture soon takes on an add reaction* Whoa 
an alkali is present, the fatty acids are set free, and form their respective soaps. 

Variations in the Composition of Pancreatic Juice- 



'' '** * > '•■m V iw- > utm 



Independently of the yariations already mentioned in the proportion of solid constituents 
taken as a whole, there are other important rariations due to intrinsic digestion of the ooropara- 
tively large proportion of proteids &* fats always found in pancreatic juice. To this piooMi 
must be attributed the peptone ^ the soaps^ which are usually present, the leucine tyrosine eta, 
and possibly also the indol. There is also a considerable proportion of Sodium carbonate^ whioh 
salt seems to be very closely associated with the peculiar form of atkali'-albumin above mentioned. 

When left to cool, pancreatic juice undergoes a sort of coagulation; but it ag^in becomes 
fluid, when gen£ly heated. According to Kiihne, this ooag^ation would be a true ooagalation 
due to the formation of a product similar to myosin j and the subsequent liquefaction would be 
due to intrinsic digestion of the dot. 

Tryptic or Pancreatic Digestion of the Albuminoids Compared with the Peptic 
— --—-—---------«-----—---«--—-——--— —.^------^-.....^^ OP Gastrio. 

1. - Peptic or gastric digestion is essentially an add digestion : the action takes place only 
in the presence of an add, and is arrested on neutralisation. Tryptic or pancreatic d^^estiou is 
essentially an alkaline digestion t the action will not take place unless some alkali be present; 
it ia hindered by neutralisation, and arrested by acidification. - The presence of 1 per cent, of 
sodium carbonate induces the maximum of activity in an artifidal tryptic digestive fluid. One 
per cent, of sodium carbonate seems, in fact, to play, in pancreatic digestion, a part altogether 
comparable to that of '02 per cent, of hydrochloric acid in gastrio digestion (M. Foster). Bile, 
which arrests peptic digestion, seems, if anything, to favour pancreatic digestion* 

8. - The initial product of peptic digestion is acid-albumin or syntonin. The initial 
product of tryptic digestion somewhat resembles alkali-albumin or casein : It is soluble, not only 
in dilute acids A dUate alkalis, but also in a 10 per cent, solution of sodium chloride ; and the 
Bolations in the latter reagent coagulate on boiling and on the addition of strong nitiio acid. 

8. - In peptio digestion, the whole of the proteid, or nearly so, is transformed into peptone. 
In tryptic digestion, on the contrary, a considerable portion is broken up into leucin, tyronn, 
fatty acids, & volatile substances, among which latter, as above stated, ia possibly indoi^ which 
compound it is that gives their strong & peculiarly foBcal odour to the prodaots of tryptic diges- 
tion* This indol is believed, however, by some to be a product of decomposition. 

4. - Fibrin undergoing peptic digestion, swells up, becomes semi-transparent, and then 
faUs to piecefl^ leaving a little granular debris. When undergoing tryptic digestion, it remains 
opaque, diminishes slowly in bulk by a kind of superficial corrosion, and leaves no dibris, or very 



Utile. 



Note - While gastric juice dissolves gelatiniferous tissaes, and destroys their 
oharacteristic property, the property of gelatinisation, panoreatio juice, on the 
contrary, has no action upon them. 
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Bile-Pltfment8. 

Haman bile, and the bile of oarniTorous animals, are normallj of a bright golden red colour ; 
that of berbtrorona animals is of a golden, bright^ or dirtj green, according to the time of 
retention in the gall-bladder. 

The pigment of human or camiyorona bile is bilirubin* Bilirubin is readily solnble in ohlor* 
oform & alkaline fluids, slightly solnble in alcohol & ether, insoluble in water. When treated by 
oxidising agents, such as nitric acid yellow with nitrotts acid^ it turns in succession green, 
greenish blue, blue, violet, dirty red, pale yellow (Gmelin's teat for bile-ptgments). When 
treated by alkalis and exposed to the air in a shallow ressel, it becomes oonrerted into biliuerdint 
whicii is the grben pigment of herbivorous bile, and probably also, of biliary vomits. Bill- 
verdin constitutes the first stage of oxidation of bilirubin in Gmelin's test. When obtained pure 
from herbivorous bile and subjected to the action of oxidising agents, it goes through the same 
series of colours as bilirubin, the initial golden red excepted. When subjected to the action 
of reducing agents, it becomes converted into urobilin, which is sometimes found in the urine of 
fever patients. Other pigments, such as bi/i/itscin, iilfp-asin, etc., have also been described as 
occasionally present in giJl-stones. 

Bile Salt s, or Bilin , 

In human bile, the sodium taurocholate is much more abundant than the sodium glyoo- 
oholate; and in the bile of the carnivora, it exists alone. In the bile of herbivorous animals, 
there is, on the contrary, a large excess of sodium glycocholatc. Both these salts crystallise in 
fine acicnlar needles. 

Their acids may be isolated by means of sulphuric acid. When boiled with dilute acid, 
caustic potash, or baryta water, these aoids break up, as they also do spontatiooasly in the 
intestine, the glycocholic acid, into cholalic acid & glycoooll, and the taurochoHc acid, into 
oholalio acid A taurin. When treated with sulphuric acid & cane sugar, they give a splendid 
purple colour (Pettenkofer's test), and a characteristic spectrum. 

Action of the Bile on Food. 

It precipitates the products of gastric digestion, throwing down mainly the parapcptone & the 
greater part of the pepsin ; so that the snpernatent fluid, even when reacidified, has but littLs or 
no peptic power. It is said by some that the peptones are thrown down also. A solution of bile 
salts has the same action. 

With the free fatty acids, the bilin forms soaps. 

Intestinal Fluid 



Is probably secreted to a certain extent by the epithelial cells of the mucous membrane 
itself (M. Foster). This is in keeping with the view of the process of secretion now generally 
received (V. Secretion in General, pa>(e 56). - Almost every statement made in respect of the 
action of the intestinal fluid has been contradicted by some physiologist or other. 



The Digestion of Milk. 

Milk is first coagulated or curdled by gastric juice, that is to say, its casein is precipitated; 
and the casein is then digested as any other solid proteid. The agent of this coagulation is not 
the acid of the gastric juice, for neutralised gastric juice will still curdle milk; neither is it the 
pepsin, for the purest pepsin obtainable, Briicke's pepsin, has no coagulating power. It is 
probably a special ferment (M. Foster). 



Mechanisms which Oovern the Secretion of the Digestive Juices. 



a^w— ' ■* » »■ 



In the case of the submaxillary gland, the secretion is brought about by the advent along 
the chorda tympani of efferent impulses started by reflex action. Theso impulses travel along 
two sets of fibres, the vasO'diiator & the excito-secretory^ the former fibres probably acting through 
some local vaso-motor centre. Both the submaxillary ganglion and the cervical sympathetic 
have probably also a regulating influence; but this influence is not yet well understood. - For 
further details, see pages 36 & 110, and Appendix, page 12^^). 

The other secretions are probably governed by similar refiex mechanisms, but very little is 
yet known on the subject. 

In connection with the above, a separate consideration is given in tho two following 
pages to the Intimate Phenomena of the Act of Secretion 
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INTIMATE 



ZYMOGEN, • TRYPSINOGEN. 



av!w«« '- v^««««wvvi* 



BMretion is a complex A aotire process oonsisting of : - 

!• - Tke Production o^Zymogm; 

8. - The Stowage of the same; [exeretiofu 

8, - The Tramformation of the Zymogen into the specific ferment during the out/low or 

The formation & stowage of the zymogea form part of the nutrition ft growth of the cell; thoj 
' constitate a slow & oontinaons process. 

The transformation of the zymogen into the specific ferment is a rapid & intermittent prooees, 
I spedall/ called forth in ev^ery instance by an efferent nerTons impnlse. 

This was established as regards the pancreas by Heidenhain's obsenrations on that gland, and 
has since been confirmed by yarioas obserrations on the gastric & salivary glands : - 

The cells of the pancreas present two zones, an outer zone, homogeneous or slightly 
' striated, which stains easily with car miae; & an inn^r gone, finely granular, which stains with 

difficulty. The position of the nucleus varies, but it always lies partly within the inner zone, 
it partly within the outer one. 

The outer zone is being constantly, but slowly, built up, on the one hand, with, the 
materials absorbed from the blood ; on the other hand, its accumulated materials are being 
constantly, but slowly, removed for the building up ot the inner zone. 

The inner zone, on the one hand, is being constantly but filowly built up at the 
expense of the outer zone ; on the other hand, during the ppriod of glandular activity, its 
materials are removed rapidly and tn large quanitties for the formation of the ferment 
to be excreted. 

During repose, both zones increase in size, the inner one becoming, however, the larger 
of the two; and the nucleus is pushed oatwards towards the basement membrane. 

During activity, both zones diminish, the inner one becoming the smaller of the two ; 
and the nucleus is drawn inwards towards the lumen. 

It must be added, howerer, that the period of greatest activity of the relatively slow & continaous 
natrittve process coincides with the period of greatest activity of the relatively rapid & 
intermittent excretory process : this is the inevitable result of the afilax of blood towards the 
gland, which occurs duririg the period of excretion. Hence the time when the inner Mone is 
the largest ooours shortly ajfter the close of the digestive teriod. From this time to the 
commencement of the next m^stive period, the size of the inner zone diminishes slightly. 

The amount of ready formed proteolytic ferment present in the gland at any given time is nez>er very 
great .'"There is scarcely any during the intervals of meals; neither is there mnch even 
during the height of digestion : - If the pancreas be minced and treated with glycerine 
while still warm from the body, the extract will be all but inactive if the organ was removed 
a long time after a meal ; and but ilightly aoUve^ even if it was removed during the height 
of digestion. 

The amount of zymogen, or rather trypsinos^en, present may, on the contrary, he conxiderahle. This 
amount is proportionate at any time to the size of the inner zone ; and, as, after death, the 
trypsinogen is spontaneously transformed into the ferment (especially if a little dilute 
acetic acid be added), the amount of ferment^ or of active glycerine extract, that can be 
obtained at any given time from the gland, rises and sinks pari passu with the size of 
the inner zone : - To obtain an actively proteolytic extract of the pancreas, the animal 
must be kUled towards the dose of the digestive period. It is true, as above stated, that^ 
if the extract is made while the gland is still warm from the body, such extract 
Will still be but slightly active (though, if diluted, it would subsequently beoome more active 
iluvngh spontaneous evolution of the ferment); bat if twenty -four hoars be allowed to 
^pse before the extract is made, or if the gland be first rubbed up in a mortar with a little 
dilate aoetio aoid, the extract will be as active as any that can be obtained* 

*Not6* ^he term **zym§Mn** will be used as a generic name for "mother 
of ferment," as suggestea by Dr. M. Foster; and the aeveral apeoial produota 
will be oalled trypsmogen^ pepsmogest^ eto. 
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CONFIRMATIVE OBSERVATIONS on the GASTRIC ft SALIVARY GLANDS. 



Gastric Glands, - Pepsinogin. 

We mast now cease to laj strMs on the former diTisionof these glands inUi peptic (or oardiao) 
6- mucous [or pjloric), and discard the speotal application of the term ** peptic^* to those 
large oyoid grannlar cell! tvhtch line the middle part of the oardiao glands ; and this for 
the following reasons ! - 

(1). - Pcptlo zymogen, or pepsino^n^ is formed alike in all these glands, in cer- 
tain pro]x>rtioDS at least t - An acid infusion of the pyloric end of the stomach, thongh 
at first withont any action on albaminoids, soon becomes peptic. 

(2). - Of the two kinds of cells which line these glands, those smaller & more 
regpilarly cuboid cells, which line the deeper or more central part of the cardiac glands 
and also the pyloric glands throughout, and which hare hitherto been called simply 
the " cintral ceils ** & considered to be unimportant, are really the more important & 
properly peptic : - During digestion they become loaded with granular deeply staining 
proteid material, -> doubtless pepsinogen, due to the transformation of the cell-proto- 
plasm. In starving animals, on the contrary, they are pale, shrunken, less granular, 
and less citable of being stained with carmine. 

During digestion, the lumen of the pyloric glands also becomes filled with similar 
granular material : T his material is not digested food about to be absorbed, as was oaoe 
beliered ; for it also makes its appearance after mechanical irritation of the mucous 
membrane of the empty stomach. 

Salivary Glands. - Ftyalogen. 

The submaxillary gland, when at rest^ presents two kinds of cells : - The cells near the lumen 
of the tubes are regular in shape, transparent or slightly striated, and not easily stained 
with cazmine; those near the basement membrane are smaller, flattened or half-moon 
shaped, and more easily stained. After the gland has been stimulated for some time 
throusrh the chorda tympani, the half-moon cells have disappeared, and the cells near 
the lumen are distended with g^nular material, more readily stained, and lees distinct 
in ontline: The granular material of the half -moon cells has passed into the more super- 
ficial cells, or, possibly, the superficial cells hare been shed, and the half-moon cells havr 
taken their places. 

Note. - It must be remembered that the amylolytio ferment is absem 
from the saliyaof many animals, and that a doubt is thrown therefore 
upon the relations which the aboye changes bear to the produotSon oC 
this ferment : The term ** ptyalogen" may possibly be misapplied. 
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ABSORPTION, etc 



Modom Views on the Mode of Entrance of the Chyle Into the Jiacteals. 

I. <- The lympbaUo spaces or ''saftcan&loben" of the retiform, lymphoid, or <«Glenoid 
Htmie of the tiIjus (fieokUnghausen) are in direct contimiity with the central lacteal, which 
latter opens, on the other hand, into the snbmnoons lynphatio plezns, from whioh the larger 
lymphatics arise. The only point to he explained is therefore the entrance of the ohyle into 
^ the Wmphatio spaces or saftcanalchen of the retiform tissue. - This is the riew taken by 

Dr. Hichael Foster. 

IL - The lacteal nas a complete wall of its own formed of flattened cells united by a 
small amount of intercellular substan'je, and therefore is not in direct continuity with the 
superficial lymphatic spaces, or saftcanalchen. Two points, therefore, require ezplanatioii, 
namely, (1) the entrance of the chyle into the superficial lymphatic spaces or saftoan&lchen, 
and (2) the passage of the chyle from saftcanalchen into the laotMd proper. - This is the 
Tiew taken by Prof. Sbafer. 

IIL - The latter view is completed by the following, also based upon Prof. Shafer's 
obserrations : - The fat-globules of the chyle first penetrate into those amosboid lymph* 
corpuscles which pass up between the oolumDar epithelium cells on the surface of thevillus, 
and are then carried into the lacteals by these amoeboid lymph-corpasoles, just as minute solid 
bodies are carried by white blood-corpuscles out of the bloud-yessels into the lymphatics. 

IIL - The penetration of the fat-globules into the lacteals is aided by the peristaltic 
morements of the intestine, and by the suction-pump action of the longitudinal muscular 
fibres of the rilli, which action occurs whencTer these fibres relax after contracting. 

lY. - With reference to the penetration of the fot-globules into the epithelial cells of the 
tIUub, believed in by Dr. H. Foster and by most physiologists, and to their passage through 
these cells into the lymphoid tissue. Prof. Shafer remarks that, at a later stage of digestion, 
fat-globules are found in the epithelial cells of the gall-bladder A bile daots, into which 
they cannot hare penetrated l^ absorption, and in which, therefore, they must haye been 
formed de novo. 

The apertures once beliered to exist on the free surface of the epithelial cells are 
now shown not to exist. The circumstance which led to the belief in these apertures is the 
presence, on the free curface of the cells, of a layer of highly refracting substance marked 
with yertical stri». 



Yottiting. 

Four acts or stages may be recognised i * 

I. - Air is introduced into the stomach 

A, - By a copious fior^o ofsatiz'a, ivhich saliva is szoallowed; 

B, - By Retching. 

Betchiug consists in deep inspiratoiy efforts, during which the glottis is dosed. By 
this means air is drawn into the pharynx, whence it is swallowed. 

IL - The cardia is suddenly dilated by the action of the longitudinal fibres of the csso- 
phagus h radiating fibres of the stomach : - This can be felt to be the case if the finger be 
intx^uoed into the stomach through a fistula. Vomiting becomes rery difficult if the above 
mentioned fibres be divided or crushed by means of a tight ligature applied for a few seconds 
(Schiff). 

III. - The diaphragm being supported 6y thj air retaifud in the thorax through the closure of 
the glottis (and also BomowhAt depressed by a previous inspiration) , the aMominal muscUs 
contract violently^ and compress the stomach against the diaphragm. The muscular walls 
of the stomach oontraot at the same time. 

IV. - The neck is stretclied, the mouth is widely opened^ the posterior pillars of the fauces are 
attproK»inatid» The escape of a little air from the air-passages further protects them against 
t^e intrusion of the Tomit. 

These combined movements may be supposed to be governed by a '* vomiting centre^ 
clesely associated with tho respiratory centre. 
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ABSORPTION 



P. 
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LYMPHATICS & LACTEALS. 



Their peripheral origins have not yet been olearly made out It fi probable, howerer, ihat 
they ariie as follows, f>. : - betuath the skin and mucous 6* serous membranes, in closely meshed 
networks } - in the substance of the organs, in irregnlar laonnar spaces or chinks comprised between 
the constitaen t elements of the organs, bnt probably lined, nerertheless, with a layer of sqnamons 
epithelium \ - in the centre of the vilii^ in blind dilated extremities. A good deal has, however, 
been said lately (Heidenhain, Bnicke, Fnnke, and others), abont a direct commnnioation being 
established between the cavity of the villi A that or the intestine through apertures on 
the free extremity of the epithelial cells whioh cover the villi and through a system of oon- 
uective tissue corpuscles which join, by means of their caudate prolongations, the cavity of 
the epithelial cells to that of the central lacteal. 

They present three coats : - 

ExTKSKAL Coat - Formed of white A yellow elastic fibrous tissues longitudinally or obli* 
quely disposed; 

Middle Coat - Formed of muscular fibres and white k yellow elastic fibrous tissues cir- 
cularly disposed ; 

Ikkkb Coat - Consisting of an elastic layer longitudinally disposed and of a layer of 
squamous epithelium. - The two inner ooats form the valves, whioh are usually 
placed in pairs. 

The lymphatic glands present, according to His, Teichmann, Frey, k others, the following parts 
for examination, via:- 

Fibrous Capsule - Which is continuous with the coats of the afferent ft efferent vessels, 
and which sends lamelloB into the cortical portion of the gland; theee lamella 
bound alvoolar spaces communicating freely with each other and continuous both 
with the afferent k the efferent vessels. 

Medullast Substance - Consists of a reticulum of connective tissue fibres in the inter- 
stices of whioh are numerous lymph-corpusoles. This medullary substance occu- 
pies the centre of the gland, and sends out irregular prolongations into the alveoli, 
which prolongations nearly fill up, but do not completely fill up, these alveoli- 
Between them k the parietes of the alveoli are comprised a series of irregular 
spaces forming the 

Superficial Lymph-path ov Feet -This latter is continuous both with t&e afferent ft 
the efferent vessels; it is trayersed by a few nucleated cells with anastomosing pro* 
longations, and contains a few lymph-corpuscles. It is through this superficial 
lymph path that the lymph or ohyle usually circulates. Daring the height of 
digestion, however, and when the nutrition is particularly active, a considerable 
portion of the fiuid percolates through the intersuces between the connective 
tissue fibres of the medullary substance, whioh latter interstices constitute the 

Deep Ltupu-path op Fbet - In which deep lymph path the lymph or chyle oomes into 
intimate contact with the lymph -corpuscles k with the vessels, both of which 
are most abundant in this part of the gland. 
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LYMPH & CHTLE. 



In tho smalleBt lymphatics the lymph is a transparent^ colourless albuminous fluid, slightly alkaline^ not 
spontaneously coagulablet but coagulable by heat. Chyle is -very similar to it in the smallest laoteais, its 
main pecnliaritied being that it contains half as much again of albumen,2» large proportion of oU 
globules and also a multitude of minute fatty particles forming what is called its molecular 
base (GulUrer) and to which its opacity is due. 

As the lymph and chyle pass through the lymphatic glands, lymph and chyle corpuscles ^ fibrin 
are formed in them, and they become spontaneously coagulable. - The farther they advance 
the more white corpuscles & the more fibrin they contain, and, in the case of the obyle, 
the iewer fatty globules. The two fluids then become very similar to each other, and also 
very similar to the bloody especially in the thoracic duct, where the lymph takes a pinkish 
tinge through the transformation of a few lymph corpuscles into red blood corpuscles. When 
the fluid from the lymphatic system is poured into the yeins, it is therefore rudimental blood, 
containing, howeyer, but J or j^ as much solid matter. - The quantity of mingled lymph A 
chyle poured into the reins is estimated in man at about 30 lbs* daily. 

The erolation of the lymph & chyle corpuscles is a point of some interest. They are at first mere 
nuclei^ and are not acted upon by acetic acid. As they progress they enlarge and acquire an 
albuminous coating, which coating is progressively transtormed into a distinct cell-walL They 
are then opaque & granular, and their nucleas is out of sight ; but acetic acid brings the nn« 
cleus into view by rendering the mass of the cell transparent. It is probable that these cor- 
puscles Bje finally transfoimed into the red corpuscles of the blood. 

The progression of the fluid in the lymphatics & lacteals is due both to a w a tergp and to a w a 
fronte* The vis a tcrgo results from the coo joined action of the valves and of the muscular 
fibres of the middle coat, the action of the latter being aided by occasional pressare from with- 
out. The muscular fibres of the villi also constitute minute force-pumps probably stimulated 
into action by the irritating properties of the bile (Sohiil). The vis aftonte results from the 
movement of the blood in tbe subclavian veins and also from the aspiration or suction in- 
duced by the respiratory movements. The pressure in the large lymphatics of the neck is equal 
to the weight of a column of water from \ inch to \\ inches in height (Noll), and the rapidity of the 
current in the same vessels is about l'6th of an inch per second (Weiss). 
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ABSOBPnON 



!• OD tlie one liand tlie ftmoiioB hj whkitk/raA wuUeriais from tkifood^ tiadrmn <tf frnrfWuf titfr 
iJkr Nood h subeequent] j taken vp by tiie tiMiiei, and on the other hand the fnnotion hj whieh 
ih^ j^roduets cf organic disuUtgration are taken up into tke blood to be snbaeqnently re*el^Miratad 
or excreted. 

It im far from being apurdy vital process x - If a portion of a Tasenlar tiuue be oompletelj r em ored 
from the body and placed in water after ite Teiiels hare been tied, water will paae into 
theee Teeaels, while the colonring matter, the albnmen, k the salts of the blood will pass oat 
into the water. Also if Tenons blood, in a mcist bladder, be suspended in the air, the enrlaoe 
of the blood will become reddened by the absorption of oiygen from the air, and oarbonio 
aoid A watery Taponr will pass out into the snrronnding atmosphere. 

Absorption is goTsmed by the laws of osmosis applicable to the human body t - 

As a general mle a snbstanoe to be absorbed mnst either be m a fmd or gaseous staie^ or 
mnst, if in a solid state, be soluble in the flnids of the parts with which it comes in oontaoi. - 
Insolable substances in a state of minute diTision snoh as particles of finely divided ohareoal 
may pass, howerer, either into the reins or into the laoteals; into the latter, perhaps, 
through the apertures recently described by Heidtahain h Brfioke. 

The less dense the fluid to be absorbed and the tkint$er the l^fer rf tissua that lie between it 
h the fluid in the vessels, the more quickly absorption takss placet - Water is absorbed more 
rapidly than saline solutions^ and is absorbed more rapidly through the mucous membrane 
of the stom a ch than through the skin. 

Diminished inlemal pressure increases, and incroased internal pressure diminishes^ the rate sfahsorpiiom. 
Bleeding & fasting accelerate, a good meal or the injection of water into the veins retards^ 
the action of poisons. 

All other conditions being the same^ absorption into the fluids oireulating in the vessels of tke body is 
much more rapid than is the osmotic current in an ordinary osmometer, for the fluid in the 
vessels, being constantly renewed, is maintained at a low degree of saturation h 
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ABSORPTION from the INTESTINE. 



There !■ considerable difference m the case of the intestinal canal, detzaeen the absorption by the 
ve.'ns and that by the lacteals. Here, aa elsewhere, the veins absorb indiscriminately all that 
oomes in oontaot with them. The lacteals, on the contrary, would appear to exercise a kind of 
chmce over the sabstanoes they admit into their interior : - Odorous & saline matters ii^jeoted 
into the intestine are found early in the yena ports, much later in the thoracic ducts if 
«trychnia be used, poisoning will take place in a few minutes if the veins be not interfered 
with, in about an hour only, if they be tied. On the other hand, the fatty matters of the 
chyle are absorbed in abundance by the lacteals, while they are scarcely taken up by the 
veins. In the Author's opinion there is, however, no such thing as selection or choice on the 
part of the lacteals. These yessels, he belieTcs, absorb quite as indiscriminately as do the veitu ; 
they eren absorb with greater ease than do the veins on account of a nearly complete absence 
of internal pressure. Do they not take up the fatty matters, which the yeins do not take up 
or scarcely take up ? It is the conveyance of the absorbed fluids towards the large t/unhSfWherB 
alone they can well be sought for, and, in the case of poisons, it is their conveyance towards 
ihe central organs, upon which alone they act, that is retarded by the ligature of the veins!, 
and the delay is due to the slowness of the circulation in the lymphatic A lacteal 
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STARVATION. 



SYMPTOMS. 

ObjeofciTe A nbfeofciTe i the former to be thsirved in ftnimals oidj, the Utter to be subseamnUiy 
asctrtaimed from m*ii only. Bj co-ordinating both gronpe of symptoms, the follow* 

ing Tableau may be sketohed : 
IVir first day or two :- 

inid & raTenons oraring for food ; eyes bri^t A staring | 
Violent epigastrio pain, relieved by pressnre | 

Then follow ^- 

Intense thirsty and sinldng at pit of stomaoK 

Secretions f»X\ : nrhie scanty ft strongly acid, month dry and parched* 
Fncee reduced in quantity, and, after first day, consist almost entirely of biliaKy matter. 
Circulation A respiration riacken, and temperature falls gradually. 
Tissues waste : eyes and cheeks sink, the more prominent bones project. 
Bztreme debility ft prostration ; indifference to impending fate. 
Diarrhaaa ; body oorered with a dirty brownish secretion, and exhales a foatid odour. 
Stupor, with oiristbotonio conrulsions, or delirium ; pupil dilates. 

Death usually within eight or ten days in man, preceded by great ft sudden fall of temper- 
ature — Bo® in the last twenty-four hours. 

POST-MORTEM APPEARANCES (Common to Man ft Beast). 

Skin psle, dry, and wrinkled. 

Body has lost from ^ to f of its weight; sometimes as much as 1 ; ^ of tlie fat» and f of 
the blood hare disappeared. The larger glands, spleen, urer, panoreao, have lost 
from A to -^ ; the heart has lost about -^^ the lungs about X, the nerre-oentres 
only about ^. - The vascularity of these latter organs is norms! ; all the others aie 

aammia The large yessels are bloodless ft ooUapesd. 
The stomach ft intestine are empty ft contracted ; their coats are thinned - thoee of the 
intestine are sometimes almost transparent- and their mucous membrane is fre- 
quently ulcerated. 
The gall-bladder is distended, and the adjoining parts are tinged with hue. 
Occasionally the eyes are open, and the oonjnnctiya intensely red. The mucous membrane 

of the lips ft anus are sometimes similarly infl^mAii 
Decomposition sets in- quickly. 

ADDinOK AL KOTES - Death seems to result from the lowering of the temperature conaeqnent 

upon the exhaustion of the supply of combustible material, u e^ fiat; ecamly 
any fat is to be found, except in the brain. The duration of life, and 
also the amount of weight lost, are mainly dependent therefore upon the 
amount of fat prerionsly accumulated in the oeltular ft other iiasaes. — Up to 
the time of death the whole energy of nutrition appears to be ooncentraied 
on the ncsrre-centres. - Tonng animals^ whose nutritive functions are more 
active, die sooner than adults ; odd-blooded snimals may live eeveral months 

without food. 

If water can be obtained, life is prolongeo, at least in the case of man,- 

sometimes for two or three weeks. - A supply of water scarcely prokags the 

life of animals^ though it diminishes somewhat the dessioatkm of the 
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SECRETION in GENERAIj 



Is the proceas hy which materialB are separated from the blood for the pnipose either of eerriiig 
some special office, or of being discharged. Secretions may therefore be divided into 
secretions proper & excretions. 

The secretions proper do not pre-eiist in the blood, bat originate in the ybtj act of secretion. 
The excretions, on the contrary, consist of snbstanoes which, at least to a g r oat extent, are 
found ready formed in the blood. 

The act of secretion proper consists in the prodnction & sabseqnent exnviation of cells, which 
may be considered to stand in the relation of epithelial-cells to those prolongations of skin 
or mncons membrane, which form the secreting follicles. 

In its typical forms— cntaneons perspiration, lachrymal fluids-excretion proper is little more 
than a mere process of transudation or dialysis : in the excreted fluid no exuyiated cells are 
detected, nor does the epithelial lining of the glandular tabes show sign of aotiTe change. 
Even in these cases, however, and a fortiori in the less typical forms of excretion, it must be 
admitted that the gland-cells are adapted to separate from the blood products of a certain 
kind only. There is therefore no absolute distinction between secretion k excretion ; neither 
is there, in fact, any essential difference between seoretton and the ordinary processes of 
nutrition : both are effected by the production k subsequent agency of cells, whose functions 
are more or less transitory. 

The solids eliminated in the secretions consist to a great extent of the albuminoid materials of 
the blood, either but slightly modified and not lowered in chemical composition— casein of 
the milk,— or in the first stage only of retrograde metamorphosis — the digestive ferments, 
ptyalin, pepsin, pancreatin, eta The solids eliminated in the secretions are, on the oontrary, 
non-nutritive k non-org^nisable, of simple atomic constitution, and usually crystalisable. 

For influence of the Nervous System over the Process of Secretion, Tide <* Functions of the Syni- 
pathetio." 
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THE VASGULAB or BLOODLESS QLANDS. 



(Bpleeiii Thjmiui * Tliyroid Bodies^ and Sapra-renal Oapsoles. ) 

Probably fill the wme fanotionB with regard to the blood yeMels as do the lymphatio glands 
with regard to the lymphatios & laoteals : as the latter restore to the lymph k ohyle any 
sabstanoes they withdraw from them, so do also the former with regard to the blood. 

They probably elaborate the albnminons or formatiTe materials of the blood. This is 
indicated by the finely grannlar aspect of the albuminons plasma they contain. 

They probably supply the germs of the white or lymph oorpnsclee, and of those corpnsoles 
which ultimately become conyerted into red blood corpnsoleB. This is indicated by the 
large nnmber of nucleated k non«nuoleated cells and free nuclei contained in the abore 
plasma. Leuoocythemia also is ahnost always associated with hypertrophy of one or 
other of these bodies. 

They are largest h most aotiTe during embryonic life h childhood, and when the nutritive 
functions are most aotiyely carried on ; the thymus indeed begins to waste after the 
sec o nd year. 

Vor further details see "Functions of the Spleen." 
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FONCTIONS of the SEIN— 1st Tablet. 



TIm ikf d naj be defoiibed m t * 

S. The /fMhT/o/ tea/ of the sense 0/ touch. 
8. Afk inporUmt excretoiy orgoiu 
4L Jkn absorbing organ* 



.OUTAliaOUS BZOBSnONS: 

i^a ontaneodfl' eidbv^dtiK dbMse oTtba feeretiom of' tigr Jf^jf^Wg^ J"|^'>#'''i|jf fjpijr 

and hair foltiilist' of^'9. Tbrg-e aMMit of fvciZ/yy {^j^mk^^^AmIx esorMd ^ 
tranradaiion, and of a relatiyely small amount of carbonie acid gas. 

Secretions of the Sebaceous Olands & Hair Follicles - The two cannot be 

■eparated, rince the dncti of the eebaoeons glands nsnally open into the hair 
follicles. - They oonsist of cast off epithelial eelis with Tarioos nuclei h gransdest 
together with oily 6« extractive matters^ and, in certain parts, ^ peculiar odoroms 
principle, - These secretions keep np the softness and flexibihtj of the skin 
Ahair. 

Secretion of the Sudoriparous Olands, and Watery Vapour excreted 

by Sinlple Transudation (Tfae two cannot be esi^ated separately). - 
The fluid secreted by the sndoriparons glands contains waUr^ acetic^ butyric 
^formic acids^ urea, if salts (of which the chlorides of sodiam bt potassium 
are by far the most abundant), and a little fitty matter, which is probably 
deriyed from the sebaceons glands. - This flmd is nsnally formed so gradaally 
that its watery portion disappears by evaporation as fast as it is poured oat ; 
* the perspiration is then said to bs " insmsible** The perspiration is said to 

be ** sensible" when, from being more abundant through exercise or ezposore 
to heat, or through the evaporation being arrested, it collects on the surface 
of the skin in the shape of drops of fluid. - The quantity cf watery Y^Krar 
excreted by the skin is greatly influenced by the external temperature, and 
the etate or dryness or moisture, or of stillness or motion of the atmosphere; 
it is, on an average, once &* a half that excreted by the lungs in the same 
time^ the mean average being 11 g^ins a minute (7 fiprains Ming erected by 
' the lunge ~ Lavoisier bt Sequin), or 1{ lbs. a day. - It appears almost im- 
possible that such an amount be evaporated nrom off the surface of the 
sudoriparous glands only, the total evaporating surface of which is not 
estimated at more than eight square inches; it is believed, therefore^ that 
a large proportion of the water passes through the cuticle by simple 
transudation. 

Carbonic Acid - ^b abundantly excreted in the lower animals, more particularly in the 
nahed amphibia, such as frogs bt toads. Frcgs will continue to live, and to 
excrete carbonic acid through their skin, for several hours after their lungs 
have been tied and cut out. - The cutaneous exhalation of carbonio acid ie 
also considerable in the higher animals, for if in these the skin be covered 
with an impermeable varnish, or the body be enclosed in a coutohouo bag» ihe 
head alone being left out, the animals soon die as if asphyxiated, the heart 
& lungs becoming gorged with dark blood and the temperatare falling by 
several degrees. - In man the cutaneous exhalation of carbonio aoid is ^th 
(Begnanlt bt Beisset), or even ^th (Soharling bt Hanover), of the pol. 
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FUNCTIONS of the SEIN-2nd Tablet. 



ABSOBFTION BT THE SKIN. 

f 
I 

The Bkin is oontinnallj absorbiiig oxygen from the air, and may be made to abflorb water, 
metallic 6« otJur preparations^ divers gases ^ etc. 

Ozygen. - ^o qnantitj of oxygpn absorbed by the skin is very considerable in the naked 
amphibia, and probably corresponds in those animals to the quantity of oarboaio 
aoid ezoreted in the same time. In the higher animals it is much less, eren leas, 
perhaps, than the qnantity of oarbonio aoid excreted. 

Water. - Though for a long while a disputed point, the absorption of water by the akin is now 
clearly made out. The body rapdly increases in weight when immersed in a bath the 
temperature of which is lower than its own. When, howerer, the temperatnre of 
the bath is higher than thai of the body the latter loses weight, for the ezoretions 
by the skin k lungs are then so far increased as to outweigh the absorption 
(B6clard)| the apparently contradictory results of former experiments are thus 
explained. Immersion into cold or tepid water is a means of assuaging thirst. 

Metallic ft other PreparatioxlB ~ -Are easily absorbed through the skin, espeoially when, 
by the action of rubbing they are partly conyeyed into the orifiloes of the glands ; 
when rubbed into the skin potassio-tartrate of antimony excites Tomiting, oroton 
oil purges, the preparations of arsenic, lead, etc., produce their poisonous effects ; 
mercury is thus administered in many cases of syphilis. 

Divers Oases. -When the hand is held in oxygen, nitrogen, oarbonio add, snphuretted 
hydrogen, etc., contained in glass jars oyer mercury, the yolume of the gases 
rapidly diminishes. 
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THE URINARY EXCRETION. 



0rine is an excrtmentitious fluid \fj which are eliminated from the body t - the 

Superfiuom water of the blood ; 

Saline compounds introduced into the system or generated therein; 
Effete aMotised products of the respiratory combustion^ teanlting from the distntegra- 

tion of the blood h tlssnes ; 
Also some non^nitrogenous respiratory products^ which are especially abondani 

when either resinration or the action of the llTer is insnfBcient. 

^S^ firmaiion of urine in the kidneys is incessant, as is also its passa^ into the bladcUr. This was 
shown long ago in animals by the nnintermpted flow of nrine which is seen to pass from the 
nreters when they are withdrawn from the abdomen & divided, and has been demonstrated 
more recently by Stehberger and Erichsen in cases of ectopia vesica in man. During fasting 
two or three drops of urine per minute are then seen to pass from the ureter into the bladder, 
«aoh drop momentarily raising the papilla on which the ureter opens. In the recumbent 
position the regular & incessant dropping is replaced by less time-regulated jets, the nrine 
first accumulating in the nreters, and being expelled only when these contract, or when ex- 
ternal pressure is brought to bear upon them, as in coughing or straining, or in deep in- 
spirations. A short time after drinking freely the nrine passes from the ureters in an 
almost continuous stream. 

The urine accumulates in the bladder, the distention of which is felt, by a transferred sensation, 
at or near the end of the penis, and from whence it is voided by the partly voluntary and 
partly reflex contraction both of the abdominal muscles k of the muscular walls of the 
bladder. These latter contain non-striated fibres only, and though supplied to a great 
extent by spinal nerves, they contract but slowly under the influence of the wilL 

Under ordinary circumstances the escape of urine is prevented by the moderate (tonic) contraction 
of the sphincter vesicce, the fibres of which, as well as the other muscular fibres of the bladder, 
are under the influence of the vesical centre contained in the lumbar portion of the cord : ~ 
This sphincter will usually resist the pressure of a column of water of from 18 inches in 
height (rabbit) to 30 inches (dog) ; but if the vesical centre be destroyed, or the vesical 
nerves divided, less than a quarter of that pressure will suffice to overcome the resistance 
(Kupressow). 

Regurgitation of urine into the nreters is prevented by the valvular disposition of the openings of 
the latter due to their passing obliquely for from ^ to { of an inch between the muscular 
and mucous coats of the bladder; this obliquity being maintained, according to Sir G. Boll, 
by two bundles of fibres, the so-called muscles of the ureters, which, arising from a little 
behind the openings of the latter, converge to be inserted into the back of the middle lobe of 
the prostate. 
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PHYSICAL PROPERTIES of UBIKE. 



Ifl ft watery fluid dt%paley^lawt or Bometimes of a brownish or deep orange oolonr ; Hmfid^ 
thonghy as it oooli^ often beooming opaque and tnrbid, and, in diiease, being freqnentlj 
■0 when Toided; acid^ bnt beooming rapidly alkaline bj decomposition. - The nrine 
of camivor&us animals resembles that of man, bat that of ker^hfonms amma/s is 
nonnally alkaline Jb turbid. The difference is oojasioned by the large proportion of 
alkaline salts contained in Tegetable diet, and ceases when herbivorons animals are 
A^estricted to animal diet, while, on the other hand, alkalinitj and turbidity of the 
nrine immediately appear when the reverse experiment is tried (Bernard). 

The addUy of the nrine is probably due to the large quantity of acid phosphates it contains. This 
addity diminishes^ and eyen sometimes disappears, a few hours after a meal^ especially when 
mnoh animal food has been taken, and a correspondingly large proportion of the add 
gastric secretion is required to digest it (Bence Jones). 

The normal ayerage specific gravity of hnman nrine is 1020, and the normal average quantity 
voided daily is 58 onnces. Both vary, however, to a very great extent ooincidently with the 
quantity of flnid recently absorbed, remaining nevertheless inversely proportionate one to 
the other. - The urina poius, which is excreted shortly after mnoh drink has been taken, 
is extremely abundant, pale, and light. The urina cibi excreted shortly after a meal, 
contains more of the solid constitnents, and is darker and heavier. The urina sanguinis 
formed when neither food nor drink has been recently taken, is intermediate between the 
two, and is also unmixed with elements accidentally derived from the food or drink ; such is 
the nrine excreted from the kidney in the morning. The uriney£rf/ voided in the morning has 
however been oondensed by a long sojourn in the bladder, and is the richest in solid 
materials and the heaviest of all. 

The quantity of uxine voided is greater, and its specific gravity proportionately less, in winter than 

in summer, less water being excreted by the skin and lungs in the former season than in 
ihelatter. 
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CHEMICAI. COMPOSITION of XTBINE-lst Tablet, 



Urine ooniiBts of water holdiDg in eolation from ttol p^ eemi. of solid substanees ; the two extreme pro- 
portionB oorreeponding respeodyely to the urina potus ana to the condensed urime first voided m tAe 
tnofftpt^m 

The absobde ptantity of solid substances excreted daily is mnoh more oonetant^ only Tarying normall j 
between S and 8 ounces, 

. The abater ia beHeved to be separated from the bloo^by mere transudation^ and it is oonjeotored that 
this transndation takes place more partiotdarlj in the Malpigkian bodies^ into which the Taaenlar 
tnfte or glomeruli project nalced (Bowman), or oovered at most with a thin layer of eqnamooe 
epitheUnm. 

Hie lilid constituents are beHered to be excreted principally throngh the spheroidal epUhdium of the tubes* 

tTheee solid oonatitnents are urea^ uric acid^ hippuric acid^ nitrogenous 6f* non^nitrotvnous extractive inaUers% 
nmcus^ colouring matter^ salts^ &* medicinal or other substances taken with the food or 



Urea - Vide next Tablet. 

Uric Acid ~ G^o^4^40e ~ Averages 8 grs. daily. Is partly in a free state, and paiity 
- oombined with the alkaline phosphates. 

It is a nitrogenous compound /ess oxidised than urea* Its proportion in the urine 
depends, therefore, on the one hand, on the greater or less quantity of nitroj:enou8 
food taken, or the more or lees rapid disintegration of the tissues, and, on the other 
hand, on the greater or less actiyity of the respiratory fonctioos : - It is increased by a 
highly albuminous diet, and in all fdnrUe conditions. It is diminished by actkfe out^door 
exercise; it was increased, howeyer, during some of Mr. Weston's walks in the 
Agricultural Hall (Ashburton Tfaompson). It is abundant in the urine of reptiles^ 
and of the gluttonous flesh- & fish-eating birds. 

It is precipitated from the urine by acids, and, when in excess, by oooling. It 
then forms variously shaped crystals more or less tinged with Ihe colouring matter of 
the urine. 

Hippuric Acid - Averages 15 grs. daily; is less oxidised, but also less nitrogenous than 
either urea or uric acid. It is principally derived from vegetable diet, and is abundant 
in the urine of the horse and of all herbivorous animals, especially when they are at 
work. When benzoic aoid is taken it is excreted in the shape of hippuric acid. 

Sztractive Matters - The principal nitrogenous extractive matters are JCreatin* &» 
JCreatinin, which are both crystallisable sabstances less oxidised than either urea or 
uric acid, and probably the first products of decomposition of syntonin or muscular 
fibrin. Among the still simpler forms to whioh animal matter is reduced by the 
respiratory process, which simpler forms are more or less constantly found in the 
urine, are xanihin, cystin, oxalic acid (the latter when the respiratory process is con- 
siderably disturbed), benzoic, lactic, & various volatile acids, bt small quantities of carbonic 
acid dr* nitrogm, 

* Kreatin Is said not to exist In freah urine, and to result merely trom the Kreatinln taUng op 
an additional equivalent of water. - Kreatin is a neutral subatanee, Kreatinln ia a powerful base. 

OoIOUring Matter - Termed uro-hcematin (Harley). Contains iron, and is separable into 
red, blue, jellow and colourins: Tnatt<^r8 ; it is probably derived from the biliary acids, 
the injection of which into the blood increases the quantity of the urinary colouring 
matter. 

Mucus- Healthy urine contains a feW epithelial ceUSg When the mucus is more abun* 
dant it forms a cloud on cooling ; when it is very abundant it causes the urine to 
decompose while still in the bladder. 

Salts - From ^ to J of an ounce daily. Are mainly sulphates, bi-phosphates h chlorides of 
soda, potash, ammonia, lime h, magnesia ; the sulphates forming nearly ^, and the 
phosphates & chlorides each about \ of the total mass of the salts. The sulphates &* 
phosphates are main/y formed in the system by oxidation of the sulphur h phosphorus of 
the food and tissues, and by the combination of the newly-formed acids with those 
alkalies which were previously combined with the weaker acids ; their amount in the 
urine is mainly dependent therefore upon the rate of organic disintegration. Thephos* 
thatcs are rendered acid phosphates or bi-phosphates by the appropriation of the oasee 
by the sulphuric, uric, hippuric & other acids above mentioned. Their proportion 
appears to be closely related to the amount of nervous actiznty displayed, a drcumstanco 
not to be wondered at when we. consider the amount of phosphorus contained in. 
nervous tissue and necessarily set free by its disintegration. The earthy phosphates 
bear but a small proportion to the alkaJline, varying in amount with the quantity of 
earthy salts contained in the food. The chlorides are mainly derived from the food; 
of the chloride of sodium ingested, a part is decomposed in the system, whereby 
hydrochloric acid is supplied to the gastric juice, and soda to the bile ; much of the 
hydrochloric acid must however reunite with its base in the alimentary canaL and 
then doubtless be reabsorbed with the products of digestion. > 
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CHEMICAL COMPOSITION of nBINE-2nd Tablet. 



Ur6 a - C H^N^O - ATorages upwards of an oimoe daily in the male adult, and ihnB formi 
nearly one half of all the solids of the urine. ,^ 

Ckemically^ it is identical in oomposition with ojanate of ammonia ; or it xnay be 
considered as the amide of carbonio aeid. 

PhymlogkaUy^ it is the most oompletelj oxidised introgenons snbstanoe fbnnd 
in or derived from the bodj. 

It proceeds mainly from the disintegration of the nitrogenous constituents of the 
blood, partly from the disintegration of the tissues generally, the mnscnlar tissue 
being perhaps excepted. - There is no good reason for believing that it is especially 
formed in the kidney : - it is found in the blood (2 to 4 parts in 10,000), and is more 
abundant in the renal, artery than in the renal vein ; it accumulates in the blood just 
as much when the kidneys are extirpated as when the ureters are tied. 

Its precise amount depends mainly on the alimentation, but it is influenced by 
muscular exercise^ age, sex, climaie, time of day, &* disease. 

Alimentation - 97 per cent, or more of the nitrogen consumed in the food is 
eliminated by the kidney in the form of urea (Farkes). The quantity eliminated is 
increased a few hours after each meal, especially if much animal food has been taken, 
and is diminished by fasting. The exhibition of common salt, or of mineral adds, and 
the drinking of large quantities of water, increase the quantity eliminated ; arsenic & 
flJcohol diminish it. - During fo/al abstinence a little more urea is eliminated than when 
either starch, sugar, or fat is allowed. 

Exercise - Facts are opposed to the supposition that muscular tissue is mater* 
ially disintegrated during exercise, and in favour of the view that the force developed 
'by muscle proceeds from the oxidation of the hydrocarbonaceous constituents of the 
blood, the heat derived from which oxidation is converted by the muscles into Inechanical 
force : - the quantity of urea excreted is but slightly increased by any moderate exercise. 
During unusually severe exercise, however, a distinct consumption of muscular tissue 
is manifest. This was clearly proved by the great increase of urea in Mr. Weston's 
urine during each of bis walks in the Agricultural Hall (Ashburton Thompson). 

AoE - Before the age of 6 or 7 the quantity of urea eliminated is more than 
double in proportion to the body.weight ; the quantity diminishes a little in old age. 

Sex - In females the quantity is a little less in proportion to the body-weight ; 
it is further diminished during menstruation. 

Climate - The quantity is greatest in cold climates, and in winter & dry weather. 

Time of Dat - The quantity diminishes from morning to evening, being tem* 
porarily increased, however, after meals - especially after breakfast & tea. 

Disease • The quantity increases greatly in the early stages of all inflammatory 
diseases, in concidence with the rapid disintegration of the albuminoids, which disin- 
tegration leads to elevation of temperature. When the fever subsides the quantity 
falls sometimes below the average, most of the nitrogen of the food being appropriated 
to the repair of the wasted tissues. - The quantity is somewhat diminished in all 
ohronio affections which impair nutrition. 



ANIMAL ELECTRICITY, NERVES IN GENERAL. 
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NOTE 



Deetmher^ 1876. 

The Tablets on Physiologj were Teiy nearly completed in July last, except as regards the 
fnnotionB of the Brain ; and the work, as it now stands, might hare been pablxahed at the com- 
mencement of the present session. 

With regard to the functions of the Brain the Author was stopped for a time by a somewhat 
serions obstacle. On the one hand he was desirous not to shirk the difficnlties inToIved in the 
consideration of the functions of that organ; and, on the other, he was unwilling to adopt the 
disheartening oonclasions come to by prominent writers of the day. 

He determined, therefore, first, to review the whole subject of the bearings of Phynology 
on Psychology, Religion, k Morals { secondly, as he could boast of no personal authority in such 
matters, to lay before his readers in the very words^ condensed hut nei aUered-^-Bnd therefore with 
the Authority — of the Authors themselves, the facts of mwery ^'case" worthy of separate 
inyestigation, and the arguments urged in its defence; thirdly, to arrange these *< condensed 
quotations" in the form of an argument or debate. The ineader would be interested, he thought, 
by the yaried aspects of such a work ; and, if the scheme were properly carried out, no writer 
oould well complain of being ill-treated, for his ipsissima tferba could not misrepresent his yiewB. 



NOTE. 



December^ 1877. 

The TableU on pages 75, 76, 77, 78, & 79, are but a fragment of « MENTAL PHYSIOLOGT" 

comprising L "GBaSBBAL PhTSIOLOOT ExPEBIMSNTAL ft IkDVCTIYE," II^ "p8TCH0LOaT,RBLIGZ0!f, 

ft MoBALs rBox ▲ Phtsiolooical Point of View," a work (the one aboye alluded to) upon which 

the Author was engaged when his Sohool of Anatomy in New Bridge Street, was forcibly broken up. 

The Author hopes to be able to complete and publish the aboye woxk.at no yery distant 
date. 

Among the conclusions of the "debated* are the following : - 

*' I believe no opinion adyanced in modem times will prove to be more incorrect, less Jnstilled by 
facts, or found to be farther removed from the truth, than that adopted by Strans : - tut Sdentfilc Ifen 
who are frank, h<mest, and upright, will be obliged to acknowledge that they are no longer Christians. 
Modem Science has not proved anything which tends in any way to shake oar faith In God, or to 
destroy our belief that miracles have been performed." (Liohbl S. Bxalb. ) 

" That any antngontsm should be supposed to exist between those ' Laws ' which express the Uid- 
f ormltles of Nature discovered by Science, and the Will of the Author of Nature as manifested in those 
nnlformltles,— to as for the acceptance of the former to exclude the notion of the latter, — can only arise 
either from an unworthy conception of the Deity as an arbitranr and capricious raXet, or from an 
unphilosophical conception of the real meaning of Science." - (W. B. Ca&pbntsb). 

" Ho who reflects upon himself and upon the universe is forced in the end to the recognition, in 
the workings of the world, of a power from which all life and energy proceed, which has been from the 
beginning. Is now, and, so far as we can see, ever shall be, and which cannot be comprehended and 
controlled by human thought and wUl, but comprehends and controls human thought and wilL We 
recognize an impulse outside ourselves, working uso In our wills, which is the moving energy of the 
evolution which went on through countless ages before man appeared upon earth, which is going on 
now in his progress, and which will doubtless go on through countless ages after he has ceased to 
replenish the euth and subdue it. We come back indeed to something which, however we name it, or 
forbear to name it, is very like the theological Trinity— Ood the Qnrevealed and UnreveaUble, God 
the fiAvealed, and God the Sevealer." (H. Maudslbt). 

** There Is a sort of dim feeling in many a young heart that old opinions are untenable, or. If to 
any extent tenable, will have to be totally reconstracted— that the attack is overwhelmingly strung, 
imd the defence very weak— ood that it is quite excusable to cast out the four anchors of the soul— its 
hope, its faith, its reverence, and its love— on the old sand-bank of simple morality, and to wait." 

** With minds thus circumstanced, no argument Is probably more likely to cariy real influence with 
It than this— that the truest icienee Is now plainly taking the other side, and is unmistahMy declaring 
/or the truth of Theism, and /or the beHe/iu a Crtator and moral Governor. Scienoe is rapidly getting 
lid of its cradltles; it baa sown, so to speak, its wild oats of peculation, and Is now fast approaching 
a state in which, by the over-ruling wisdom of the All-wise Creator, it will be found, more than ever 
More, to sustain all the fundamental teaching of Ae velation. " (Bishop or GJU>ucB9Xni ft Busxol). 
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ACTION of ELECTRIC CUBBENTS on MUSCLES and 

NEBVES. 



Indnced or Xnterrnpted Carrents - Act m sttmuii. 

ConttemonB Carrents - Act as stimuli only at thtir make or at thdr breaks or when th^ 
intensity is suddenly increased or diminislied. - Dnring their passage throngli a 
4ierye thc^y modify its physiological properties by inducing the state of clectroioma 
•(Yide two following Tablets). 

As siimulif induced currents are much mare powerfid than continuous currents^ 
f)ecaii8e of their short dnration & high tension ; this is especially the case with the 
opening current^ which is of shorter duration & higher tension than the closing car- 
rent. - When an intermpted current is used, or when the interruptions of a contiiu 
uous current exceed twenty per second, the mxLScle has not time to relax between 
'tiie periods of making and breaking contact; it therefore passes into a state of 
continuous contraction, or tetanus. 
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ACTION of ELECTRIC CUBBENTS as PHYSIOLOGICAL 

MODIFIEIIS. 



XLBCTBOTONDB. 



During its passage throngli emyponwH tfike kngik of a nerve^ so deofcrio eurent induces iloiig 
the whole length of that nerve a oonditioB termed eUciroicmus^ in whioh oondition the 
txekabUUy^ comhtctibUity^ k electro^moior phenomena oC the nerre are modified as follows : -> 

SxcrrABTLrrr k CoHDUcneiUTr - Are mrynun/in the portion of the nsrve adjoin- 
ing the eathode (aaheUdretcmus)^ and dhmnuhtd in the portion adjoining the 
anode (aneUctroiamu): the neatral pointy or point of indiilerenoe, lying 
between the electrodes^ in the rioinitj of the anode if theeleotrotonising cur- 
rent is weak, in the Tioinit]r of the cathode if the eleotrotonising onrrent is 
strong. - Any mechanical or diemical stimnhis, or a second eleotrio onrrenty 
may be used to test the excitability of the alectrotoniaed nerre. 

VuBcnto-MoTom Phsnohbka - The '■natural Barroos current ** is imreased^ i/it cpit^ 
€ide in direction with the eiectrpiainsm^ cmrrtntt dimmisJkedcr rmersed, ^it be of 
MosUe tUrtctioH. - If the electrotonismg current be applied to the central part 
or the nenre^ the "natural current" vHU be imertased in the portion of the 
nerre adjoining the atwde^ dimimsked in the portion of the nerre adjoining 
the ro/AoJSr. 



O aleetrot on ns be divided into centripetal h centrifitial according to the direoti<m of the 
alectrotonising current^ and if an electrotonised nenra be divided with Pflnger into the 
iknefiUowing re^;ions : - 

Imtsa-Polab - GompriMd between the electrodes; 

Cemtbal £zTaA-PoL&K - Comprised between the nerve-osBlres k the intra-polar 

region; 
DoxiL EzTRA-PoLAn (somctimes called Mtopolab) - Oomprised brt wes tt the intra. 

polar region k the muscles;- 

the exdiahOUy ^ comducHhUity of the electrotonised nerve may be asid to be 

! Central Ceniripetai) 
k > extm*pdar dedrotmua^ and in an adjoining 

Distal Centrifugal ) 
portion of the intra-polar region relatively large if the electrotonisiag current 
be weak, relatively small if the eleotrotonising oaztent be strongu 

r Central Centrifngal % 
DmsDHXDin { k S <aGfrtf«^sfar< fcU'j i i^^aj, »ndimanadj<»mBg 

C Distal Centripetal i ^ ^ _ 

portion of the intra-polar region relatively small of the eiectnjtow iftiBg car- 



rent be weak^ relatively iMge if the eleotrotooising carrent be 



Tha eWiintonir iiinnnnm TsririT in pmpnrtimi tn thn rfrrrffff of the eiecto nto a w ng ^ ^^^ 
4 to the length ef nerve traversedhj it» and is always most marked mthmxnam^jftJif 
if^ however, a current of nnusnal strength be used, the p h i iiwai nna b ecome 
or even disapptiar. The phenomena are momentari^ l etmss a whe n the 
comnt is suppressed, but ^e nerve soon returns to ita mmal cosiditioo. 

plMDOnana ara the same with seasozy nervM m with 
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EXPLANATIONS of the^^PHENOMENON of ELEOTBO- 

TONUS, 



tTiro catpboiatloiif are gfram 

« 

"L^Jtisa tfUalphinommoH: - The natural or proper eleetro-motor aeiion of the aanre 
IB inoreaaed in aaeleotrotonii% diminiahed in oatheleotrotoniia (Da Boia-Bejmond) { the 
excitaUlitj h condnotibility of the nerre are inereaaed when ita moleonlea paaa from 
their ardinasy oondition to one of greater mobility (catheiietrotimus)^ dinuniahed when 
ita moleoalea paaa from their ordinary oondition to one of leaa mobility fameiteiroimmf) 
(P701O. 

^'^ It U a purdy pfynco<himkal phinomenon: - The paasage of an electrio current 
through a nenre indnoea an tkctroiyik acHon^ which generatea aoida round the anode, 
alkaliea round the cathode 1 the aoida lower the excitability of the nenre, the alkalies 
increaae it (Herman h OnimuB). - Any bad conductor^ cotton or ailk thread moiatened 
with water or aaliva^ gutta-peroha cord, a atrip of intestine, etc, may be substituted for 
iJu nerve in the experiments on electrotonus, and the same eleoiro*motor phenomena 
will be obaenred ; if a good oonduotor, suoh as a wire^ be uaed, the eleotro*motor pheno- 
mena wOl not be obaerrsd. In the oaae of a bad oonduotor free eleetrkiiy orerflowa 
towarda the galyaoometer, and t r aTprs e a the coi], and it ia thia free eleotricity which 
acta upon the needle: • On the one hand, whenever the needle haa deviated, free eleo- 
tricity can be demonatrated in the vicinity of the polea of the eleotrotoniaing current 1 
on the other hand, if friotional electricity be applied to the nerve when the needle ia al 
reat, the needle wil} immediately be aeen to move. - The/vnrnv charge in the vicinity of 
the anode agredngit^SStx^ and the negative charge in the vicinity of the oathode disagreeissg 
with,the natural electric condUion of the nerve at rest^ the excitability of the nerve ia dimi- 
niahed in the one oaae^ and inoreaaed in the other (BadoUfle). 

K. • Tike balance of evidence ia dearly on the aide of Dr. BaMBflVa viawa 
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ACTION of the ELECTBIC STIMULUS (™^°»?^5t2SS'''''™*) on 

MUSCLES and NERVES.— 1st Tablet. 



Both Electrodes being applied to the Nerve. 

It is omfy at th* make b* at the break {fx when iti inteiudty if tuddody InereMod or dimiidBhed) Ibat ft continuoiu cnirent 
excites either a nenre or a muscle. 

The tnake excitation isx the increue ezdtatioii) is, all things alllce» ike more^owevfmltA Che two, and b most marked nt the 
cathode (appearanee of catheUctrotomus). The break excitoHon (or the aecreaie eidtMloa) is» all things aUke, the iess 
patuer/ul of the two, and is most marked at the anode (disappearance of aneUctroiomsu). 

n^ under ordinary circumstances, ft cnrrent of raiying Intensity be i^ipUed to ft motor nenre, tho following resnlts will 
ensue (Law o/PJinger^ : - 

WEAK CUBREMT : - 

Contraction at the make omir, whether the current 6e ascendme or whether it he descending - For a stronger cur- 
rent would be necessary to induce contraction at the brealc, since the break excitation is less powerful than 
the make excitation. 

HsDiuic Citrbbnt: - 

Contraction both at the mctke and at the breaks whether the cnrrent be ascending or whether it be descending. 

SnONa CURBBMT : - ^ 

Contraction at the make only, if the cnrrent be descending, at the break onht if the cnrrent be ascending - For, in 
tUs case, the diminished conductibility of the anelectrotonised portion of the nerre (Vide Electrotonus) 
prevents the transmission towards the muscle both of the break excitation at the anode, in the case of the 
descending current, and of the make excitation at the cathode, in the case of the ascending current. 

Tlie conditions w/nW: favour or prevent contraction of a muscle, when a current is transmitted throng Its nenre, are, 
howerer, somewhat complex : - 

During Ufe, nerves art most excitable in the vicinity of the nerve<entres, or at a distance from the muscles. - Therefore, in ft 
Uring animal, or in an animal recently killed, and with a current of ordinary tnlennty , - 

(1) The closure of the tucending current is a tnore powerful stineulus than the closure of the descending current, 
and the opening of the ascending current is a less powerful stimulus than the opening of the descending current. 



(2) In the case of the ascending current, the make excitation is a more powerjful stimulus than the break excito' 
tion : for not only is the former in itself a more powerful sUmnlns, but it acta on a more excitable portion of the 
nerre (at a greater distance from the muscles). 

Al) In the case of the descending current, the make excitation, in itself a more powerful stimulus^ acts am m Jrs 
excitame portion of the nerve (nearer the muscles); whUe the break excitation, in itself a less powerful stimulus, acts en 
a more excitable portion of the nerre (nearer the nenre-ceihtresX The break excitation, tkougX usually the weaker, mar^ 
therefore, sometimes become the stronger. - This happens under certain conditions, which do not appear to be 
as yet rery clearly defined, but which the Author believes to be connected with tiie point of application of the elec- 
trodes to the nerre (Vide below). - 

immediately after death the excitability of a nerre It for ft short time considembfy increeued, the duration of the periMl 
of increased excitability being proportionate. In any giren portion of the nerre, to the degree tf proximity to the 
tnuseies. 

Jkfter this Period of increased excitability, the exdtaiUity of the nerre dies out slowly from the nent<enfres to the 
Periphery. 

Therefore the degree of excitability of ft nerre raries In Its seroal portions, htSak^ greatest first in one portion, 
and then in another, and the Influence of the point of application of tho electrodes to the nerre (distance of ue part 
icrltated from the muscle, on the one hand, from the nerre-oentres on the other : and distance between the two dec- 
trodes) should be taken Into consideration in experimental research. This, It is bdlered, has hitherto been orerlooked. 

The tnfhienoe of the freshness of the nerve eKpeiimoited on has been caretalbr studied by Bitter, KobHI, & Onlmnt ; Bitter's 
Contraction-Table is diriaed Into six periods, Nobill's into four, and Onimus's into Are. - These Contraction-Tables 
present many points of resemblance with eadi other, and with Pflfiger^s Table abore described : - 

(1) Descending these Tables from that period (tlurd of Bitter, first of Kobill h Onimns,) In which the ex- 
dtinff ooirent, whether It be ascending or deaoending, glret rise to a contraction both *tt the make ^eUthe breaks we 
AndlB each Table that, whUe ike power of both the make excitation & the break excitation eHminiskes absolutely, that 
of the $nake excitation increases relatively to that of the break exdtation, if the exciting current be eUseeneUng, while that 
of the break excitation increases relatively to that of the make exdtauon, if the exciting current be atcending: - the 
break contraction disappears IM In the former case ; the make contraction duappears first in the latter ease. - It will 
immediately be seen that this agrees with the fact abore-mentioned that, after death, the exdtablllty of a nerre dies 
out dowly ttom the nerro^oentres to the peiipheqr : both the make excitatiam of the deseonding current and the break 
excitation of the eucending current alf ect the nerre m its peripheral portion. 

(2) If. now, we ascend Bitter's TMble fh>m the same starting point, we find that, at the very first, that is to say, 
directly tbe nerre Is exdsed frnn the Uring body and for a few momenta afterwards, the make excitation is the 
stronger In the case of the ascending current, and the break excitation the stronger In the case of the descending current. 

Tlml the break excitation of tne descending current dionld, at tke very first, be a stronger stimulua than the make 
exdtation of the same current, - which make exdtation subsequently becomes the strunger of the two, - i4»peats to tho 
Author to be due to the eeetent (rrtater immediaUly e^fter death) of that distal portion of tke nerve whose excitability is 
tempomriiy increased; If the electrodes be suitably placed, i.e., ndther too near the muscle, nor too fsr from It, the 
break exeUation would, In the first caaCj affect the nerre eU a distance from tke muscle, but still witkin tke limits ff 
that portion of the nerve whose excitakihty is t e mp o raril y inereaaed. 

That ine break excitation should be the stronger, first with tho descending current, and afterwmrds with 
the ascending current appears to the Author to be due, as rmtdt the deaoending ouirent, to the extent (greater immed- 
latdy after death) of taat distal portion of the nerre, whose exdtahHlty Is, In the first Instance, increased : and as 
le^sraa tlM ascending current, to the diminished excitability ^sf the centrul portion qf the nerve. In tbe first case, if tho 
dectrodsB are snitabj^ plnoed, the break exdtation would affect the nerre at ft dlstanee from tlie musdea, but still 
wittdn ifce limits of the portion of the nenre wlioeee«dtftbaHy Is tempoTMily Increased; in the second eaee, the break 



wonld affect the nerre In VkMH portion eu^foinhtg the muscles, whose excitmbiHty is, eiftera time, less impaired 

nggeiteaii 



tkmt eftke central portion. * Further experiments In the direetlon abore nggeited woold be neeessaiy. howerer. 
VtldapoinL 
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ACTION of the ELECTBIC STIMULUS C"^"?^gS^l^^*") on 

MUSCLES and NERVES.— 2nd Tablet. 



One Electrode being applied to the MoBcIe^ ft the other to the Nerve. 



*' 



A nerre being more excitable than the mnscle which it supplies, the strongest muscular tan- 
traction will oooor, when the strong stimu/uSf fV^ either the make excitation at the 
cathode (make of the ascending onrrent) or the break excitation at the anode (break of 
the descending onrrent) is applied to the nerve* The muscular coniraetum will be less marked^ 
or win not take place at all nnless the part be verj fresh, when the weaker stimulus^ 
f>.y either the make excitation at the anode (make of the descending current), or the 
break excitation at the cathode (break of the ascending current) is appliecU 



Both Electrodes being applied to the Muscle. 

As long as a mnscle retains its excitability it will contract upon the direct application of 
the electrio stimulus. '' But as changes take place more slowlj in muscle than in nerre, 
len^h of duration of the stimulating current is more necessary in the former than in the 
latter for the production of stimulation. Hence all induction-currents, and the more 
transitory constant currents, are unable to stimulate to contraction muscle deprived of 
its nervous connections by curare, while they are able to cause .contractions in muscle 
by acting upon its motor nerve (Bruoke)." (Hermann, translated by Dr. Gamgee). 

*In the electric stimulation of muscles, the same laws hold as in that of nerves. Here also 
it is only variations in currents that produce stimulationt which, as heiorefproceedst on 
closing, from the cathode, and, on opening, from the anode (Yon Beaold) t - If the electrodes 
be placed at the thin edges of a piece of flat muscle split along a portion of its length 
(in the shape of a pair of trousers), contraotian follows, on the application of a moderate 
current, in the strip next the cathode on dlosing, in that next the anode on opening. 
If the musole be not spHt, it bends for the same reason, on olosore towards the cathode^ 
and on opening towards the anode." (Hermann, translated by Dr. Gamgee). 
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ANIMAL ELECTBICITY. 



^vflolesy nerres, and other pazt§ of fhe body are eleotro-motor. 

THieniheiMAtfra/jffy^/of amuoleornerveiiooimeotedbjmeuiBof the sa daetm- 

metor to its transuene cut surface^ a oanent is found to pass along the wire from the 
firmir t9 the UUter^ S the mnsole or nerve be at rest. And mnsonlar batteries maj be 
oonstmoted bj Joining sereral segments of a skinned frog's leg in snch a way that to the 
natural h the oat sinrfaoes of eadh segment oorrespond the out & the natural smrf aoes of the 
adjoining ones ; if now two pdnts of the soiatio nerre of a prepared frog's leg be brought 
into oontaot with the natural ft out surfaoes of the terminal segments of the battery, the 
nusdles of suoh {nepared leg win be seen to oontraot. - The orHfickd iongUudifui 
turfdu of a musole (the musde being split up in the direotion of its fibres) may take the 
place of the natural surfsoe, and the transverse out surface may generally be replaced 
by the tmdim ; in this latter case, however, the current is much weaker, and is some- 
times even revened (par'eleeiromomy). 

It may be added that^ on the longitudinal surface either natural or artificial, any 
'pOfiaA nearer the middle of the musole is positive to any point nearer the extremity, and 
that, on the transverse cut surface, any point nearer the centre is negative to any point 
nearer the periphery. 
When a muscle or a nerve is excited^ its natural current suddenly dimimsAes or eeases, and 
may eyen be revened (negative variation) ; and if the nerre of a prepared frog's leg be 
made to rest at the time upon the existed muscle or nerve, an induction current will pass 
through the nerve of suoh prepared frog's leg, and wiU throw the leg into contractions 
further, this prepared frog's leg may similarly act upon another prepared frog's leg, 
which latter may act upon another one, and so on. 
la esplanation of the above facts, musdes ft nerves have been supposed to be made up of 
parallel series of minute electro^motor demints each possessing^ when at rest, an equa- 
torial belt mastifesting positive dectricity and two polar regions manifisting negative 
deetricity* The farther supposition that these electro-motor elements are composed of 
two molecules coming in contact with each other by their positive poles, and that the 
tendon of a musole rests upon a single layer of these molecules, would explain the pheno- 
menon of par-electronomy. 
When a muscle or a nert/e is excited^ these electro-motor elements would all become polarised, 
all the positive poles being tuzned in one direction, and all the negative poles in the other 
direotion : - An eleotrio current will be found to tr a verse a nerve A from one end to the 
other (eleotrofeonua) as soon as even a very small portion of its length is placed between 
the electrodes of a batteryi fnd the make ft break of the current through this vary small 
portion of the nerre A will result in induction ourrenta, eq[nresMd by muscular twitohings, 
in the sciatic nerve ^ of a prepared frog's leg brought into proximity to any part whatever 
of the nerved. The^'paradoxof contraction" is a phenomenon of this khid. 
txk wum 6* the mammalia the general body current xwoBfrvm the centre to the extremities. - It is 
weakened hj over-exertion, and is temporarily reversed by muscular action : — If both 
hands be dipped into a basin of water forming part of the circuit of a galvanometer, no 
deviation of the needle will take place while both arms are at reat^ the descending current 
In one arm oounterbalanoing that in the others but i^ while one arm is kept at rest^ the 
muscles of the other arm are made to oontraot^ the deviation of the needle will immed* 
lately show an ascending current in this latter arm. - In the frog the body current runs 
from the estreaiities towards the centre. 
&• body ourrenti whether it be observed in musdes, nervei^ bones, or other sii - uutme s , is pro- 
bably due to the chemical processes of which the tistuo an the seat; the oufrent observed by 
means of the electrometer is probably but a derived eamnt^ the resultant of lnooinp#«ably 
^ more intense mdeoular ourrents oironlating around the ultimate eleotro-molor dements of 
Ihe tissues. 
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THE NERVES AND THEIR RQOTS. 



▲ nnre ia sensory or mater aceortSng to its eomuetton with sensory orwtotorend'orgam; the Mtion of thinerve^fihres b 
Oie mne in either case: they conduct in both directions, - This ia proved by the following faoUi t 

1. When a nexre Ib ezdted its natural eleotrio onrrent raddenly diminiahee (or oeaaee, or may even he 
l O B Oivo d) along its whole length. 

2. If one terminal twig i4 of a forked nerre (tSUal or peroneal hifnrcation of the gre^t soiatio nerve of 
the frog) be divided above the mnaolee it Bnppliea ana then be uritated, the mnaclea supplied by the other ivng 
B will immediately be seen to contract. TMs ** paradoxical contraction " is thus explained : the irritation of the 
twig A indnoes a sudden change in the electrical condition of its fibres (diminution, cessation, or negative varia- 
tion of natural onrrent) ; this change results in an induction current in the fibres of the twig B^ as they lie side 
\tj side with the former in the forked tnmk ; this indnction current stimulates the corresponding mnscles. - That 
the experiment may be free from all fallacy resoltiiig from reflex action, the tnmk of the sciatic nerve shonld 
be divided high up, or the spinal cord shonld be destroyed. 

8. MM. Ph&ppeanx k Ynlpian divided the hypoglossal <&• lingual nerves^ attd applied the peripheral extremity of 
the farmer to the central extremity of the latter; nnion took place, and irritation of any part of the resulting ti^nk 
induced, on the one hand, manifeetationa of pain, and, on the other, contraction of the muaolea of the tongue. 

4. -> The conduction of sensory imfressions may actually he reversed: - The denuded extremity of the tail of 
a young rat was inaerted beneath the mtcgument of the animal's back i it became adherent in this situation, 
and the tafl, when subaequently severed at its base, still continued to show signs of sensibility (P. Bert). 

6. -No difference, struct ur al or chemical, has yet been made out be t ween sensory A motor nerves. 

Under ordinary drcnmstanoos^ sensory impressions originate in the action of external objects upon the extremities of 
the nerves, and motor impulses originate in the wHl^ or in the reflex action of the nerve-centres. - The sine qua 
non condition of transmission in such cases is the contintdiy of the mure from one extremity to the other, - When, 
however, a part ia supplied hy several nerves, or 1^ a nerve formed of fibres derived from several sources, as is 
the case irim nerves Amamdang from a plexus, the section of any one of these nervea, or the auppreaaion of any 
one of the aources from which the fibres A each individual nerve are derived, only diminishes the sensibility or tiie 
motor power of the parts supplied: -Section of one of the cords of the brachial pUscusmt^nB all the muadea of the 
arm, but doea not completely paralyae any. Exdaion of a portion of the museuUxpiral nerve above ita anaatomods 
with tiie external cutaneous ocoudons but a slight impairment of sensibility in the outer part of the hand (Savory). 

The excitability of the nerves ia diminished in anelectrotonos, and increased in oathelectrotonos. It is diminished \sy 
cold, compression, mechanical injury to the neighbouring parts ; increased 1^ moderate warmth, & vascular con- 
gestion. It ia temporarily exhauatod by ahook or repeated excitement. Immediately after death it ia for a 
short time considerably incr ea s e d, the duration of the period of increase being, in any given portion of the nerve, 
proportionate to its degree of proximity to the muscles ; the exdtabilify then dies out slowly from the centre to the 
periphery, persisting longer, howev e r , in cold-blooded than in warm-blooded animals. During life the excitability 
of a motor nerve diminiwhea from ita origin to ita termination, f>., ia greatest near the n.'centrest least near the muscles,^ 

Senaory impreaaiona produced by direct irritation of a aenaory nerve aif eot the aensorium aa if they had proceeded 
from the whole area d diatrfliution of the irritated nerve : - Local irritation of the nervea of a atnmp produces 
wide felt pain aeemingly over all the loat extremity; violent neuralgia of the foce may reault from a morbid 
oondition df the central part o^ the 6th nerve. The mind haa therefore no power, when a nerve trunk alone 
ia irritated, of aaoertaining the exact point to which irritation ia applied ; it ia only when the extremitiea of 
acme of the branchea of the nerve, or of acme other nerve, are irritated at the aame time, that the preciae aeat 
of irritation ia directly perceptible. - Motor impulaea aimilarly produced exdte oontractiona in all the muacles 
supplied by branches given dl below the irritated point. 

Tlie excitability of the Boon or ths Nbkvbs was established by the celebrated experiments of Sir Charles BelL 

The posterior roots are purely sensoryx - Their irritation elidts signs of pain, but gives rise to no move- 
ments except 1^ reflex action ; their division destroys sensibility in the parts supplied. Irritation of the central 
segment induces pain & reflex movements ; irritation of the distal segment produces no effect. 

The anterior roots are both motor <&• slightly sensory: - Their irritation induces violent muscular contrac- 
tions and slight manifestations of pain ; their division paralyses the muscles supplied. Irritation of the central 
segment produces no effect; irritation of the distal segment induces muscular contractions - and pain, if the 
posterior roots have not been cKvided. 

ISnoe irritation of the central segment produces no effect, and since irritation of the distal segment produces 
pain only when the posterior roots are still undivided, it is evident that the sensibility of the anterior roots 
IS either merely apparent^ or else derived from the posterior roots through recurrent fibres passing from one root to 
the other^ at or beyond their foitU of coalescence. 

The former opinion is that of Brown-S^uard, and the pain manifested is attributed by this Author to com^ 
pression of the extremities of the sensory nerves by the contracting mstsdes. The latter opinion is that of Kagendie^ 
Bernard, Longet & others. It is supported by the fact that degenerate nerve-fibres (anppoaed to be the recurrent 
fibrea in queation) are found in the ant. roota a abort time after the diviaion of the poat. onea (Burdon-Sanderson). 
The fact that division of the fosterier roots should destroy the sensibility of the anterior- ones harmoniaes 
with both theories. Division of die nerve-tcunks beyond the point of coalescence of the roots is said to produce 
the same result; this would apparently antagonise the latter theory, unless it be admitted that tiie reo ur renee 
take place In the plexuses (Kfiss), or even further on (Benuurd). 

• Soma Antlionnippoae that the itlmnlaa gaini itNaigth aa H deaoendi (PHttger); cOian, attrfbate Cha gcaatar sidtaWWty 
4tf tba ontnl portlan d tha nova to Ita being ka partaetly protaalad ty a BMN dalloaU ah^ 
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THE BATE of NERVOUS CONDUCTION 



Arengee hi man", » 

Zhiongh the Oerebro-Splnal Nenres - 

Semary impressiom ••• 47 zrietres per second. 

Motor imfidses*- • ••• 27 ^ ^ 

Thie was shown by Helmholtz, BnrdUuurdt ft others bj measnrixig the mterval wluoh 
elapses between the gwmg ef a signal^ and the production^ in obedience thereto^ of a mcventent pro* 
fdously agreed ufon* 

Hvnen uie rate of transmission of sensory impressions was sought for, the dgnal 
adopted was the irritation of the skin of the foot^ Ugt thighs 6v^ and the morement agreed 
npon was the lifting up of a finger; when the rate of transmission of motor impnlses was 
songht for, the signal adopted was the ringing of a beU^ and the moyement agreed upon was 
i^^ contraction of the triceps extensor femoris^ tibuUis antieus^ extensor breuis digitorum^ etc. -The 
interral comprised in eitner case ; -> 

L The reception of the impression by the papill» of the skin, or by the and- 



2. The transmission of the impression to the sensorinm. 
8. Its perception, and the ezoitation of the act of volition, 
4. The transmission of the motor impulse to the mnaole. 
6. The f09i/nif/f!9ff of the muscle. 



itory apparatus. 



Now, when the point of applieation of the stimulus varied (irritation of the skin of 
the footy leg, thigh, Ac.), the difference between the intervals recorded maiked the 
time requirSl for the conyeyance of the impression through a length of nerve equal to the 
distance between the foot & the leg, between the leg ft the thigh, etc. ; - and when the 
stimulus remained the same (the ringing of a bell), the difference between the intervals re* 
corded marked the time required for the conveyance of the motor impulse through a length. 
of nerve equal to the distance between the triceps extensor femoris ft the tibiaUs anticos, 
between the tibialis antions ft the extensor brevis digitorum, eta 

Through the Spinal Cord - 

c, • ^ • \ Tactile* 42 metres per second. 

Sensory tmpressums j j,^^ jj „ „ 

Motor impulses 10 „ „ 

This was shown by comparing the time required toe the conveyance of a sensory un« 
pressxon or a motor impuliBe from or to the extrentities of nerves arisinp, like the soiatio ft the 
ulnar, from different parts of the spinal cord. The time required for &e conveyance through 
the nerves behig known, the difference, in each experiment, in the duration of the entire 
passage marked the time required for conveyance through a corresponding length of the 
cord. 

It may be added that these rates of transmission vary slightly in proportion to the 
intensity of the impression, or to the strength of the impulse, and also somewhat, in different 
individuals. For motor impulses, the conveyance through the spinal cord is also more rapid, 
by two or three metres per second, on the left side than on the right. 

She time required to take the first step in self-defence, when a pistol is fired at on/s ear, is about 
\JM of a second; thus the 

Mechanism of hearing, 6* conveyana of sensory impression would require about 0.01" 

Perception, &* act of volition — ••• • ••• 0.10" 

Transmission of motor impulse through spinal cord ... 0.04'* 

„ M w M motor nerves 0.04" 

Muscular contraction ••• 0.01" 

Total ... ... 0.20" 

Thus the brain alone takes as long to act as aU the other parts together i the time it re- 
quireSi differs, however, vexy oonsiderably in different individuals. 

In the frog, the rate of conduction of motor impulses averages 26 metres per second (HelmhoHB): «- 
The data for the calculation were obtained by irritating a nerve at different points, and 
noting the moment of the occurrence of the corresponding contraction. - The n^ of con- 
duction appears to be somewhat greater in the periphem than in the central parts } it 
4h«faiAfl« a little when the temperature is lowered. 
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THE GANGLIA of the BASE of the BRAIN. 



Jonn on the one hand the "Seruortum Commune^ and, on the other, both the motor centre called into i^lay In aUsent*rt' 
mttor ^ emotumtU reflex actions, and the automatic agency which executes the mandates of the wttL 

The " SenSOrittm COZniniUie " - le. The agoncy through which the mind is made conscious of alt sensory 
sms^ressions, whether derived from the oater world or from the body generally throngh the ** Nerves of the 
ExtenuU Senses" or from the inner world, i.r., the cerebral convomtions, throui^ the "Netves of the 
Internal Senses" (Beil). 

After removal of the cerebral hemispheres the mental operations an no longer performed* and 
all emotional conditions are Impossible; but sensation k motor power persist : - A brainless pigeon 
maintains Its standing postme, or rests secorely on a perch. If pushed, it walks ; if laid on Its baclc, 
11 rises; if thrown into the air.it ffies. If food be placed in its beak, it swallows Ic digesto it. Ittnmsits 
head at any loud noise, avoids obstacles in its way, and watches a liuxted candle moved before its eyes ; if 
hurt, it endeavours to escape. Its general attitude, however, when left to itself, is that of perfect 
Indifference. It keeps its eyes closed and its head beneath its wing, and scarcely moves. It awakes for a 
moment, but shows no alarm, when a pistol is ilred close to it. It seeks for nothing, not even for food : - 
Sensation &* motor ^ower are there, but ideas ^ emotions are wanting, and the will is dormant. 

Experiments on the ganglia of the base of the brain are. as a rule, unsatisfactory, for it is almost impos- 
sible either to reach the gangUa without previously removing the hemispheres, or to irritate, divide, or 
remove them singly. The foUowing statements are based, however, partly on experimental, and partly on 
anatomical & imthological data : - 

The optic thalamus, which receives the termination of the sensory tract of the medulla oblongata^ 
is mainly a senwrv centre. The corpus striatum, which receives the termination of the motor tract, is mainly a 
motor centre. The corpora auadrigemina are the seat of vision. 

As a sensory centre, the opttc thalamus supplies the "guiding sensation" necessary for progression ft 
lor the maintenance of the standing posture : - When it is wounded the animal turns rounif Ic round in a 
circular manner (Evolution de man^) the rotation being towards tiie injured side if the anterior part of 
the thalamus has been injured, towards the opposite side if the posterior part has been injured (Schilf). If 
the thalamus is removed, the animal falls to the opposite side. TttaX the loss of the " guiding sensation " is 
the cause of the abnormal movements, or of the apparent paralysis, is shown by the fact that the same or very 
atmilar movements may be induced eiUier by partuu division of the cms cerebri, or by ttie mere blinding of an 
•ye, or the division of one of the semicircular canals (Flourens). 

Pathology supports this view : -Disease of or hMnorrage into the corpus striatum induces motot paraly- 
sis of the opposite side of the body, those muscles being more pirticularly affected, which, like those of the limbs, 
act independently of their fellows. Disease of or luemoiThage into the optic thalamus induces paralysis 
usually both sensory ^ motor; sensory because the optic thalamus is a sensory centre ; motor because, being 
situated tntemally to the corpus striatum and upon tnerflhres passing from the latter to the medulla, it can 
hardly be seriously injured without affecting the corpus (Broadbent.) - The production, through irritation 
either of the corpus striatum or of the oorreqponding '^afferent nerves of the internal senses" (white 
substance of the hemisphere), of the definite combined movements first described by Iritsch & Hitxigin 
oonnexion with irritation of the convolutions, shows that the corpus striatum is the motor centre for most 
of the movements of the body, and that it acts, not only in response to ordinary sensory impressions 
(sensori-motor reflex actions), but also in response to impressions derived from the cerebral convolutions 
(Ideo-motor and emotional reflex actions) : - On irritating the deeper parts of the corpus striatum, the 
animal opens its mouth, and alternately thrusts out and retracts its tongue (Burden Sanderson). 

Division of one oi the crura cerebri induces complete paralysis oH the opposite side of the body, both 
sensory & motor. Partial division induces rotatory movement towards the opposite side, the diameter of the 
circle of movement being proportionate to the distance of the incision from the anterior edge of the Pons. 

The cor^ra quadrigemina are the seat of rision, and, as such, they supply important guiding sensa- 
tions. Partial or total removal of these bodies on one nde induces respecnvely pwtiu & temporary, or total 
ft permanent blindness of the opposite eye, and also temporary weakness ox the opposite side of the body, 
with a tendency to rotatory movement. Irritation of one of the corpora induces contraction of both pupils. 

The Motor Centre called into Flay in all Bensori-Motor A Emotional Reflex 

Actions, -vide above. 

The stimulus, which calls forth the rellex action, is oonveyed to the sensoty ganglia either by the ordinair 
afferent nerves, or by the afferent nerves of the Internal senses (sensori-motor reflex actions ; ideo-motor ft 
emotiional reflex actions). The guiding sensation Is derived ixma. one or several of the former. 

'* It is when the Cerebrum is not in a state which renders it capable of receiving and acting upon 
'* Sensorial impressions, that we And the Independent reflex activity of the Sensory gangpBa moat strikingly 
'* displayed. Thus in the Infant for some time after Its birth, it is obvious to an attentive bbserver, that a 
'* large part of its movements are directly prompted by sensations to which it can as yet attach no distinct 
"ideas, and that they do not proceed firom that purposive inuNilse which Is essential to render them volun- 
"tary. This is well seen in the efforts which it makes to flnd the nipple with its lips; being probably guided 
" thereto at first by the smell, bnt'afterwards by the sight also; whni the nipple has been found, the act of 
" suction Is purely excito-motor. So in the Idiot, whose brain has never attained its normal development, the 
** influence of sensations In directly producing req>ondent movements is obvious to all who examine nis actions 
" with discrimination. In the adult man, in whom the Intelligence and Will are fully developed, we 
"have comparatively little evidence of this independent reflex action of tiie sensory ganglia:— all those 
" automatic actions which are immediately necessary for the maintenance of his organic life, beuig provided for 
"Iqr the excito-motor portion of the nervous apparatus, so that although sensation ordinarily aooompanles most 
" of them, it is not essential to than; whilst those which are necessary to wovlde more remotely for his require- 
" ments. are for the most part committed to the guidance of his r eas o n . For the iminessions which have been 
"brought by the afferent nerves to his sensorlum, and which have there juoduced sensations, do not in 

sensory ganglia 
the cerebrum. 



"brought by the afferent nerves to his sensorium, and which have there produced sensati 
" general react at once upon the motor apparatus (as they do in those *w<tnAf« in which the m 
"are the highest of the nervous centres), but usually trannnit their influence upwards to 
'^ through whose Instrumentality they give rise to ideas and reasoning pro c e s ses, which opei 

'motor apparatus either emononally or volitionally. And it is for the most part only whe ^ . 

' transmission is checked, either by the non-development or the functi mal tnaellvlty of the cerebrum, or by 



" through whose Instrumentality they give rise to ideas and reasoning pro c e s ses, which operate upon the 
y motor apparatus either eanoaqnally or volitionally. And it is for the most pitft oidy when thift upward 

" Its complete occupation in some other train of ac{ion,'-or, on the other hand, whoi the reflex action of the 
" sensory ganglia is called Into play with unusual potency,— that we have any manifestations of the sensori- 
" motor or consensual mode of operation in Man, that are at all comparable In variety or Importance to those 
" instinctive acts which are so remarlcable In the Jower animals (Caii>eDteri'* Still examples of these classes 
reflex actions are furnished by the closure of the eye to a dasiHng light, the involuntioy laughter excited 
hy tlckUng (sensori-motor reflex actions') ; the vomiting caused by the remembrance of some loathsome object, 
the oonviusve movements produced, m hydrophobia, by the men slg^t, sound, or thought of water (ideo- 
motor reflex actions) ; the start caused by a sudden fright, the picturing of the passions on the counten- 
ance (emotional reflex actions). 

The Automatio Agency which Xzecates the Mandates of the Will * ride 

Automatic Actioa. 
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FUNCTIONS of the GEREBBAL HEMISPHERES. 

THE ELECTRICAL EZCTTABILITT of the HEBflSFHERES — DiaooTered hj Fritach * 

Hitsig in 1870, has already allowed of the reoognition not onlj of '^Afctor Cenins** (Fritach ft ffitsig. 
Femer), but alto of ** Sensory'* A '*ImHnctwe** Centres (Ferxier). 

Motor Centres - " A new epoch in cerebral physiology was opened by the reaeaiches of G. Friteoh 
''and S. Hitsig. They exposed the brain in do^s, and applied as irritant to diiteeni 
"parts of its surface a continnous galvanic carrent of riight intensity. They foond that no effect 
"followed the application of the irritant to the greater part of the surface of the hemispheres^ 
"but that some parts were excitable, and that when these were irritated, well defined mnsonlar 
"movements on the opposite side of the body occnrred. 

** The results of a farther examination of the mnsonlar centres in the brain of a monkery 
"showed that they were all situated between the great longitudinal fissure and the fissure of 
" Sylvius in the < anterior central convolution,' f ascending frontal), the other parts of the hemi* 
" spheres being unexciukble. — Hitsig thinks that in nuin the parietaJ region is the excitable part.— > 
*' Nearest to the longitudinal fioBsure lies the centre for the posterior limbs, more externally that 
" for the anterior limbs, further down the facial centre, and, near the Sylvian fissure, the centres for 
** the mouth, tongue, and jaws ; that for the eye muscles coincides with Uie upper part of the centre 
'* for the muscles of the face. It is very important to observe that the centres for the mouth and 
" tongue are placed in the position of what is supposed to be the speech centre in man, and farther 
** that all the movements grouped about this centre are bilateral, the corresponding muscles cm 
" both sides being called into action by the irritation of one hemisphere." 

" The most extended and valuable set of experiments yet made on the localisation of cere- 
"bral functions is that of Dr. Ferrier. The brain was laid bare, not all at once, but in detail; and, 
" after the removal of the dura mater, which all experimenters have found to be extrem^ sensitive^ 
" the surface of the brain was irritated by induction currents from Du Bois Beymond's coi^theinten^ 
"sity being in general slight, but varying according to the varying excitability of the parts 
" of the brain." 

*■ The first effect of the application of the electrodes was to cause a condition of hypersBmia 
"of the parts acted on. This, Dr. Ferrier calls 'functional hypensmia,* and he thinks that hia 
"method of experimenting, by causing this, reproduces the normal functional activity of the 
" different parts of the brain." 

" In the brains of oats, dogs, and rabbits, very well defined centres of movement were made 
" out. In the convolution bordering the great longitudinal fissure are the centres for the limbi^ 
"paws, and taiL In the middle external convolution are those f6r the eyes, eyelids, and face; whfle 
" the inferior and Sylvian gyri contain the centres for the movement of Uie whistes, angles of the 
" mouth, depressors of the jaws and tongue. According to the habits of the animal, certain oen* 
" tree are more highly and distinctly differentiated, as that for the tail in dogs, the paws in cati^ 
" the mouth in rabbits. All the movements produced are ' purposive or expressional in character, 
" and such as we should attribute to ideation and volition.' Tiaa^ sAd ' the intimate relation sab- 
" sisting between ideation and the unconscious outward expression of the idea in muscular aotioD,' 
" Dr. Ferrier inclines to regard as ' strong proof of the cloae local association of the ideational and 
" vdhmtaiy motor centres.' ' Hence,' he says, ' I would incline to the opinion that the organio 
" centres of word memory are sitoated in uie same convolutions as the centres which preside 
"over the muscles concerned in articulation' (Broca's convolutions). 'If this be so^ Uien we 
"ooght to have a hand memory, a face and eye memoiy, an ear memory, and thus we may ulti^ 
" mately be enabled to translate into their psychological signification, and localise phrenologioallyy 
" the organic centres of various mental endowments.' " 

" These researches were undertaken for the purpose of examining experimentally the views 
"of Dr. Hughlings Jackson on the Pathology of Epilepsy, and they led to an endeavour to deter* 
"mine the U)calisation of the functions of the brain, not only as regards motion, but also sensa^ 
"hMt and other memUU faaddesy (From Dr. Purser's Beport on Physiology in 'Irish 
Hospital Gaaette,' Jtumary^ i87ft). 
tlA»fc«tf ^ iy Centres -"I^ monkeys. Dr. Ferrier has been able to localise several regions whose fonotioa ia 
•■the peroeptian of the impressions of the qsecial senses. Thus^ irritation of the angular gyma 
"cansed oertain movements of the eyeballs and pupils. Destruction of this nrrns gave data for 
"regarding it as the cerebral expansion of the optic nerves, and the seat ol visual perception. 
"Iiritafeion of the si^»rior temporo-sphenoidal convolution caoaed pricking of tiie ears, and 
•other JndiCTitimMi of excitation of ideas of soond ; it is probably the cerebral termination of the 
"anditOKy nerves. The aenae of amell i^tpears to be seated in the uncinate convolution. The 
"aenaea of touch and taste could not be localised with certainty, althou^ indioatioos of their 
"position were gained." (From same source). 

fmilni'*^"" Centres - "la mankeya^ the antercfrontal part of the hrani, with the inferior frontal 
" and orbital oonvolations, gave no definite result on s&nolation. SxtiipatioB eaoaed a condition 
"like dementia. The occipital lobes did not reacts Their destruotian caoaed no loas of aenaatiaa 
"nr mfttifHi, \f^ ih^^'Fs ^ ^^ g^^fa'nnta nf arff pwMwpwmti<m- It thus appears that ' thoss centrca 
"of aaovement vrhioh may be regarded aa giving expression to mental states that.man shares 
"with animals beneath him, are iil located in the itiii^^/ttf^^/ir imfeyvr Mk^ and the m ~ 
imaftki uaidU Mes^ the part of man's cerebmn whioi eo n esponda with the entire 
af tte kwpsr mammalisk.' " (Fnaa same source). 
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SIGNIFICANCE of the FOKBGOINa RESULTS. 



They are doe to irriiatum of the several **eentres!* not to conduction of the eUetric current to 
the gctngiia of the base of the brain. This is prored faj the non-exoitabilitj of a Tory large 
portion of the conroliitiona, the insula included, whioh is nearer to the sensori-motor ganglia 
than any other portion of the cortex ; fay the different effects produced by stimnlation of 
closely adjacent parts ; by the absence of results in complete ansBsthesia, though the cor- 
pora striata still remain excitable; by the low intensity of the currents used, and the close 
approximation of the electrodes ; and finally by the fact, established by Burden Sanderson, 
that when the grey matter of the several *< centres " is remored, the same actions are still 
produced by irritation of the medullary fibres (** afferent nerres of the internal senses " ) 
whioh proceed from these centres to the corpus striatum. 

« Hermann, though admitting the fact of definite morements being exdted by local- 
^'ised stimulation of certain cortical regions, denies that this proyes the existence of motor 
"centres in the hemispheres, and grounds his opinion on the fact that dogs reoorer perfectly 
*from the effects of destruction of the so-called motor centres of the limbs, and regain com- 
**plete control of their morements." 

<* Fritsch and Hitzig are of opinion that these centres are in some way related to the 
M muscular sense on the ground that after the ablation of the limb-centres in dogs» the animals 
** so operated on do not suffer from paralysis of the limbs, but merely appear to have lost con- 
^'soiousness of the position of the limbs, and hence place them in irregnlar and uxmatural 
"attitudes. This riew is also supported by Nothnagel from the results of his experiments 
"in the injection of chromic add into the brain cortex." 

« The interpretation which Ferrier puts upon his experiments differs essentifdly from 
"any of the foregoing. He regards the movements which result from stimulation, as indi- 
" cations of excitation of centres concerned in rolnntary or purposiye action, or of centres of 
"expression and sensation/' (H. Power). 

Burden Sanderson states that **by exciting certain spots on the surface of the brain 
"a complicated series of ohangpes originate more or less analagons to a psychical process." 

The two latter views harmonise with what has been said of the mechanism of psyohioal action, 
and are supported by Ferrier's <* functional hypersemiat'* 
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THE GEBEBRAIi CONVOLUTIONS 



Are tlie measary agents ofperceptim 6* thought, bni they are nei tkt uat ofcomscwusmeA 

The wuckamism ofpsyekkal operatwns ie as f ollowa : 

2. - Impreeeioiis deriTed from a senaoiy enr^oe and oonTeyed \tj ilie ^afferent 
of tie external semes " (ordinaxy senaoiy nerrea) to tiie ganglia of the baae of 
liie brain, gire rise in these ganglia to sensations. * 

2, " Sfmsatione oonToyed bj the ** efferent nerves of the intemal senses'* to the 
cerebral oonTolntionSy gire rise in those oonvolntionB to /ereepttons, * by the oom- 
lunation of which ]>eroeption8y ideas, or intelleotaal representations of ob|ectfl^ 
are formed. - Simple peroeption probably takes place in the marginal oonvola- 
tionSp which are more directly connected with the sensori-motor ganglia; ideas 
probably originate in the central conrolntionSy which are less immediately oon- 
nected with the sensori-motor ganglia, bat which are connected with the fore> 
going conrolations by numerous arcuate or gyral fibres (Bastian). 

SL " Ideas, returned by the « afferent nerves of the intemal senses " to the ganglia of 
the base of the brain, giro rise in these ganglia to emotums & to aets of voHtiim 

4b - The mandates of the will are finally shaped into motor impulses in the motor 
gangHa. 

Hiat the cerebral oonvolutions are not the seat of consciousness is proved by the phenomena oC 
" Unconscions Cerebration " 6* remembered sensations : - We are not directly conscious^ on the 
one hand, of the changes which take place in the material substrata of our intellect (Yido 
'XJnconscions Cerebration"), and, on the other, a remembered sensation is so completely the 
xeprodnction of the original, that the seat of the two cannot well be different. The seat of 
the former was in the ganglia of the base of the brain ; these gani^ia, therefore, and not the 
oonTolntions, are the seat of that which is reproduced by the cerebral act (Carpenter). 



Ue cerebral oonTolntions are not therefore an essential part of the nervous s/stewt* They ara 
aerely a superstructure subsernent to Intelligence. 



* 4 emmtiem it the cqMcionMWi of aa imprwinn; a ^ f ct fiim ia the lulmium of 

toiiiBiilHBiiistilliithe 
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THE FACULTY of ABTICULATE LANGUAGE 



Aj^pean to reside in the third or inferior frontal convolution of the left side (Brooa), which oonro* 
lution would contain both the centre for the memorj of words and the centre for the 
oo-ordinatioii or combination of the movements of speech. 

Either centre may be aif eoted separately. 

If the centre for the memory of words be affected, the case is one of amnesia or amnesic aphasia : * 
The patient cannot recollect the word he wants, and can therefore neither pronounce it nor 
write it. Bat if it be prononnced before him, he recognises it at once and can immediately 
repeat it ; thongh a moment afterwards it has again escaped him. 

If the centre for the oo-ordination of the movements of speech be aif ected, the case is one of oteLxic 
aphasia : - The patient knows the word he wants, and can write it and recognise it when he 
hears it pronounced ; bnt he cannot pronounce it himself| though he suffers from no loss of 
motor power in the tongu3, lips, palate, or larynx. 

Lesions of the intellect, or of the motor apparatus, either of phonation or of articula- 
tion, or of both (alalia}^ may complicate individual cases. 

The dependence of aphasia upon lesion of the left inferior frontal convolution— (it is generally 
due to cerebral haemorrhage and accompanied by right hemiplegia) — appears to result from 
the greater or sole education of the left hemisphere of tfu brcdn (Moxon), which hemisphere is 
usually larger and earlier developed than the other (Gratiolet). In left handed persons, 
apbasia and left hemiplegia have been found associated with right cerebral hsDmorrhage. - 
Under deep emotion, aphasic patients may utter a few words, or even sometimes a whole 
phrase (Hughlings Jackson) „the less educated hemisphere probably acting for the other one. 

" The cerebral centres for bilaterally •acting muscles appear to be co-ordinated, so that 
^one centre can fulfil the offices of both. This view, put forward some years ago by Dr. 
** Broadbent, is adopted by Dr. Ferrier, but he thinks that his own experiments indicate, not 
<'an anatomical but ^physiological oo-ordination through the media of the lower ganglia." 

'< These considerations will explain why it is that in destruction of the mouth and 
« tongue centre on one side there may be no paralysis of these parts. But the question arises^ 
*'why destruction of this centre in men, if it occur on the right side, causes no effect, while 
**if it occur on the left side, loss of speech results. The reason of this appears to 
^'be that most persons are *left brained;* that is^ that although a speech centre exists at 
** both sides, yet that the left is the driving side, and has an undue preponderance in initia- 
** ting voluntary movements. Just as the hand centre on the left side of the brain has been 
'* educated to give the right hand its superior dexterity, so the speech centre in the left side has 
'*been educated to initiate the voluntary reoaUing of words and the associating of them with 
" the ideas they express. The power of speech is lost just as the power of writing is lost in 
^ the left-sided lesion of the brain, and as the patient can educate his left hand (right brain) 
** to write, so he can educate his right speech centre to remember words, and learti again to 
<* talk, o That such recovery of speech does not always occur depends very probably on the 
*' fact pointed out by Yulpian that many persons with aphasia are also more or less demented* 
•< (Dr. Purser, Irish Hospital Gazette)." 
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NOTE. 



Two Tablets hare been remored from this f asoicle : '' Guidinj &nsaiums^ or third Tablet on 
Beflex Action, and "A«wV Classification of Reflex Actions^* They will be found in the appendix. 
The note which preceded the latter Tablet is simply reproduced here ^ 



"EUSS'S CLASSIFICATION of REFLEX ACTIONS was published at so nearly 

<* the same date as my own and so much resembles it, that I have thought it desirable, for 

" the sake of oomparison, to transcribe it in extenso. I may add that my first Tablet on the 

" subject was lithographed, and was widely circulated among Students in this country {Rrsi 

**^ or Lithographed Edition of the Tablets on Physiolo^^ Benshaw, 1873) nearly two years before 

^ Professor Etiss's Classification, or any account thereof, appeared in the English laagnage^ 

** or became known to me. It is a singrnlar coincidence that writers ol two different ooontries 

« should derolop essentially the same idea at so nearly the same time, and in terms so 

*' nearly equiralent. It will be obseryed, howerer, that Professor YMsaln^S^md Class^ 

** corresponds to my •« Third Class,** and vice versa- 

T.C. 



8a 



FUNCTIONS of the NEBVE-CENTBES in GENERAL 



Ares« 

Coaduction - The oerebio.q>ii>id i>er7e.oentt«. are a. perfeot oondnctor. as aretheneme. 
Not BO with the ganglia of the STinpathetio. These impede transmission^ and render 
it slow and imperfect: none but intense & prolonged irritations are peroeired through 
the nenres on which thej are found, and none bnt intense and prolonged irritations 
are, through the instromentalit^ of these nerves, prodnotiTe of motion. (Tide Sym- 
pathetic Nerve). 

TrsmsforeXlCe* -* ^s that modification of the conduction of sensory impressions through 
the nerre-centres, fay which modification an impression is perceired, generally 
more or less altered, and as if it were derived from a point different from thai 
from which it really was derived. Common instanoes of transference are the 
painful sensation experienced at or near the end of the penis when the bladder is 
distended with urine, or when its walls are irritated by a calculus; the pain so 
commonly felt in the knee in hip-joint disease y the tickling perceired in the glottis 
when any part of the respiratory tract is irritated. In these oases the primary 
impression is conyeyed to the cord or to the medulla oblongata by the afferent 
neryes of the irritated part, and is there transferred to the central ends of another 
set of nerve-fibres, by which it is conducted to the sensorium. It is there perceived 
as if it had originated in the area of distribution of these latter nerve-fibres. 

Difitudon or Radiatioil* - ^ ^at other modification of the conduction of sensory 
impressions through the nerve-centres, by which modification an impression con- 
veyed to a nerve-centre by one nerve only, is perceived as if it had been conveyed 
by several, and cu if it had been derived from an area much more extensive than that of 
the recU primary impression* The pain of a calculus in the ureter spreads far & wide ; 
the aching of a caried tooth may extend to the adjoining sound ones, and may, in- 
dependently of any morbid condition of the central part of the 6th nerve, be accom- 
panied by violent & extensive neuralgia of the face. 

Reflex Action - 'V'lde two following Tablets. 

■ IhSM desctiptioDS an now lomowhst antiqiiattd, ind will probably be rsmoved from the 

next iwue of UieTsbleU 
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REFLEX ACTION.- 1st Tablet. 

What is generally understood by " reflex action liB/A^ production of a motor impulse in a nervC'Cenlrei and 

the conveyance of this impulse from the nerve-centre to a muscle or a series of mucles in consequence of the recep^ 

" tion hy the said nerve-centre of a sensory impression conveyed toil by a centripetal nerve ;- of the reoeptlon of 

which impression the mind may or may not be conscious, or may be conscious to a very variable extent. 

For the production of a reflex action three conditions are necessary : - 

1. - The continuity of the centripetal nerve between the irritated point and the nerve-centre. 
S. — The uninjured state of the nerve-centre, 

8. - The continuity of the centrifugal nerve from the nerve-centre to the muscle or muscleB. — 
Nothing more is requisite. 

Hundreds of reflex actions are constantly taking place within the animal frame. They are all pnr* 
posive, and adapted, at least in health, to secure some desirable end. 

Taking the visceral branches of the pnenmogastrio to be derived from the ganglia of that nerve, and to be 
similar, or at least comparable, to the sympathetic nerves, these numerous reflex actions may bo cor- 
rectly and conveniently divided, the Author believes, into four classes according to the channels through 
which, in each individual case, the sensory impression & the motor impulse are conveyed. The aenaory 
impression & the motor impulse may be conveyed respectively by : - 

IsT Glass - Two cerebrospinal nerves ; 

2nd Glass - A sympathetic or gangtionic nerve 6* a cerebrospinal nerve ; 
8rd Class - A cerebrospinal nerve &* a sympathetic or gangtionic nerve; 
4rH Class - Tufo sympathetic or ganglionic nerves* 

ThoBe dasses, in well marked examples, difEer considerably in general outline. 

The Beflex actions of the FIRST CLASS highly resemble volitional acts. In man they are^ in fact, 
but artificial or acquired reflex actions (Huxley), scions, which, to be rightly performed, required at 
first the exercise of both attention & will, but which, by frequent repetition, are subsequently performed 
with less & less intellectual guidance, till they are at last accomplished, so to speak, mechanically, and 
without the mind being conscious, or wholly conscious, when several of them are simultaneously per- 
formed, of their separate & individual performance. They can be controlled by the will when the mind is 
watchful &* onthe look-out. They are often most complex, but are nevertheless performed with remai^- 
able precision, and, when it is required, with astonishing rapidity. - Ex. : Outstretching of the arms when 
the body is falling; movements of the limbs in walking or running; movements of the fingers in playing a 
musical instrument, &*c. 

Those of the SECOND CLASS form part of several of the thoraco-abdominal Sanctions. They 
partake to a less extent of the character of volitional acts. The wiU can control them to a certain extent 
only. They are never so rapid, nor, though they are often vezy extensive, are they ever ao complex as 
are some ox those of the first class. - Ex. : Muscular contractions in breathing, coughing, vomiting, &^m 

Those of the THIRD CLASS are the non- visceral vaso-motor reflex actions, which govern the 
nutrition & the secretions of the body generally. The will has no power over them, though the mind may 
take cognizance to a considerable extent of the impressions to which they are due : - Ex. : Contraction 6* dilata^ 
tion of the capillaries under the respective influences of cold 6* heatt secretion of tears gfter the irriiation of 
the conjunctiva, ^'c. 
xy Those of the FOURTH CLASS are the reflex actions of the thoraco-abdominal viscera, and the 

vaso-motor reflex actions which govern the nutrition & the secretions of the latter. The will has no 
power over them, and the mind takes no cognisance of their occurrence, except sometimes in cases ofdisaise. - 1^ x 
Peristaltic action of the intestine, secretion of gastric juice, &*c> - (Vide Functions of the Sympathetic). 

Beflex actions may be further divided, with regard to the mode asul point of origin of the motor impulse, into 
JSxcito-motor, Sensori-motor, h Emotional (Carpenter) : - 

When the spinal cord is separated from the sensorinm, either structurally, - through division or 
injury, - ov functionally, - the activity of the latter being either engaged in another direction, or being 
temporarily suspended, as in profound sleep, - the exciting impression, arrested in its course towards 
the brain, reacts upon the motor centres of the cord or medulla ; and the reflex action induced indepen* 
dently of sensation, is termed Excno-MoroB. Such reflex actions are governed by the laws of Pfinger 
(Tide Reflex Action of the Spinal Cord). The reflex actions of the second, third, &* fourth classes belong 
more or less to this category. 

Should the mind be intent upon impressions derived from another source, the supervening im- 
pression, though it be conveyed to the sensorium, may still n^/ be, <v may be but imperfectly perceioed ; -> 
the sensori-motor ganglia reacting in this case, so to speak, automatically, or of their own aooord, the 
reflex action induced may be called Sensobi-Motos or Consxnsual : - Such are the ordinary ambulatorj 
movements of the limbs. And, in general, all movements which have been habitually performed in a 
particular sequence, may be kept up, when the will has once set them en train, through tiie antomatio 
agency alone, the impression or sensational change produced by each action supplying the Btimnlns 
which calls forth the next. 

ilnally, the impression may be perceioed in the sensorinm, and conveyed to the hemispkereu 

^ It is here transformed into an idea ; and the idea, when returned to the sensorium, there gives rise to 

' an emotion. The responding movement, which, if, from any cause, the action of the Wfll be either 

ponded or weakened, is still essentially reflex in nature, is now termed Emotioma.l or Idbo-Moios. 
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REFLEX ACTION.- 2nd Tablet. 

ATTTOMATIC ACTION. 

The production of the motor impulse is considered hy several german phjBiologists as the mere letting loose, by 
means of a so-called liberating or discharging forccy of previotiBly accnmnlated potential^ t./., cotinterbalanoed 
or neatralised, energy ; which potential energy would thus be transformed into kinetic, i^,, active or 
efficient, energy ; and npon this assumption is based the division of the activities of the nerve-centres into 
Reflex proper & Automatic. 

Antomatio action, an opposed to reflex action proper, would be characterised, as regards its cansation, by its 
originating in the absence of any external influence, and, as regards the action itself, by its being either 
continuous, — muscnlar tonus, — or rhythmical, — respiratory movements, action of the heart. 

And here comes in the theory of ^ inhibition*^ in explanation of the rhythmical character of certain antomatio 
actions : - A certain resistance has to be overcome before the automatic action can be induced. Hence the 
liberated encrpfy has to acquire a certain tension before it can act as an efficient stimulus ; and any force 
which would hinder ('inhibit') the automatic action, <>., increase the resistance thereto, would, on the 
one hand, slacken its rhythm, and, on the other, proportionately increase its energy. — " Certain phenomena, 
^ especially the action of some fibres of the vagus of the heart, can only be explained in a very forced manner 
'< by other theories. If it be established as a certainty that the influence of these fibres upon the central 
^ organs merely consists in a modifying action exerted by them upon the organs in question, of such a nature 
. " that the activities of the latter are differently distributed as to time, and hence that the strength " of every 
" discharge of energy is inversely proportional to its frequency, it can only be explained by assuming that 
<< the hypothetical resistance is increased by the activity of certain fibres (inhibitory fibres) and diminished 
*• by the activity of others (accelerating fibres)." (Hermann). 

With regard, however, to the Mechanism op theib Pkoduction, all reflex actions, and even all ^voluntary* actions^ 
are essentially automatic ; the power of the will or the reflex influence of a pensory impression being limited 
in every case to the setting in motion of a self-acting apparatus, which, when once called into play, will, of 
itself, either comply with the requirements of the organism, or execute the mandates of the will. The 
will, in fact, in no wise exercises that direct control over the * voluntary * movements, which ordinafy 
phraseology would seem to imply. Its influence is directed towards the result of muscular action, not towards 
the singling out of the individual contractions in their necessary combination & sequence. " If it were 
" otherwise, we should be dependent upon anatomical knowledge for our power of performing the simplest 
''movements of the body ; whereas we find the fact to be, that the man who has not the least idea of the 
" mechanism of muscular action, can acquire as complete a command over his movements, and can adapt 
" them as perfectly to the desired end, as the most accomplished anatomist could do. Further, we oannot, 
" by any exertion of the will, single-out a particular muscle, and throw it into contraction by itself, unless 
"that muscle be one which is alone concerned in an action that we can voluntarily perform; and even then 
«*we single it out by willing the action. Thus we can put the levator palpebrce in aotion by itself; but 
*'this we do, not by any conscious determination of power to the muscle itself, but by willing to raise tlu 
** eyelids y (Carpenter). 

The only esseniial difference between voluntary & involuntary movements lies therefore in the origin of the 
stimulus which calls the automatic agency into play. And even this difference is more apparent than real, 
as is shown by that gradual conversion of volitional into involuntary & even unconscious action, which conver- 
sion gives rise to the • reflex actions of the first class' The nervous system 'grows to* the mode of action in 
which it is habitually called into play, the same kind of connection between the sensory and motor nerves 
being established by a process of gradual development, as that which was original or innate. " Whilst 
" special tracts are originally marked out for the automatic (primarily automatic) movements, others may 
" be gradually wom-in, so to speak, by the habitual action of the Will ; and thus, when a train of sequential 
" actions primarily directed by the Will has been once set in operation, it may continue vrithout any further 
"influence from that source. . . . It is whilst the organism is growing most rapidly, and the gpreatest 
" amount of new tissue is consequently being formed, that the assimilative processes most readily take on 
" that new mode of action, which often becomes so completely a ' second nature,' as to keep up a certain 
" acquired mode of nutrition through the whole subsequent life. Habits are far more readily acquired 
" during the periods of infancy, childhood, and youth, than they are after the attainment of adtdt age ; and 
" the earlier they are acquired, the more tenaciously are they retained." (Carpenter). 

Furthermore the response of the Cebebrum itself is often as essentisJly reflex or automatic as is that 
of the muscles. To individual peculiarities in the mode of action (and probably also in the acquired con- 
Btmction) of the nerve-centres are due the individual peculiarities of character. And these are, though 
doubtless to a variable extent, on the one hand inherited, on the other hand acquired, - the natural & unre- 
strained response of the cerebrum being, in every case, both as regards mental action & emotional condi- 
tions, the resultant in each individual of the promptings of the congenital constitution, modified by the 
effects of early training. " If any two mental states Iw called up together, or in succession, with due 
" frequency and vividness, the subsequent production of one of them will snffioe to oall np the other, and 
*' that whether we desire it or not." (Huxley). 

The reflex activity is greatest in young animals, and greater in birds than in mammals, in mammals than in fishes. 
It is exalted by strychnia, opium, alcohol, nicotine, partial interruption of the blo<>d-Bupply. It is enfeebled by 
chloral hydrate, belladonna, bromide of potassium, exhaustion of the nerve-centres. The more powerful 
the stimulus, the more rapidly the reflex action takes place. A reflex action is indnoed earlier on the 
initated side of the body, than on the other side. 
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FUNCTIONS of the SPINAL COED -1st Tablet. 



BZCFFABILITY. 

It is a debated point whether the spinal cord is directly excitable by any of the artificial stimuli that wc 

can experimentally apply to it^ aa it was still said to be a few years ago, in aoordance inth 

the doctzinee of Sir C. Bell & Longet. - Aooording to Brown-Siquard^ the stimuli, which, 

when applied to the anterior & posterior roots of the spinal nerres, give rise, in the one 

case, to mnsoular contractions, and, in the other, to pain, do not, except in the case of the 

electric stimulus, give rise to any such effects when carefully applied to the surface of the 

cord, even the exception in the case of the electric stimulus only occurring when the corrent 

used is a strong one, and when the cord is irritated in the vicinity of the roots of the nerves ; 

in such cases the irritcUum extends to the internal or deep part of the roots of the nerves^ and it 

is through the agency of these roots, just as when they are irritated at some distance from 

the cord, that either pain is produced, or muscular contractions take place. The proper or 

commissural fibres of the cord are totally unexcitable, - According to Vulpian, the posterior 

columns & the adjacent part of the lateral columns are sensitive, and the anterior columns 

A the adjacent part of the lateral columns are somewhat excitable (motor), the sensibility 

of the former and the excitability of the latter being most marked towards the surface and 

in the vicinity of the roots of the nerves, but not being entirely due, however, to the 

instrumentality of these roots : - The posterior columns, after being divided transversely 

and separated from the adjoining parts for a distance of several centimetres, still show 

signs of sensibility; upon the posterior & lateral columns, with the anterior and posterior 

roots, being removed for a distance of several centimetres, the anterior columns & the 

grey matter alone being left, these anterior columns are still found to be excitable. 

Bexabks. - The posterior columns have probably no sensibility of their own; Vulpian's 
experiment does not prove the contrary, for it has been shown that in some parts 
of the cord, in the lumbar portion in particular, the posterior roots run upwards for at 
least two or three inches before they enter the grey substance. It is probable, therefore^ 
that the proper fibres of these columns are mainly commissural, and, that they merely 
connect the different segments of the grey matter^ and aid in the co-^frdination of the more complex 
maifements: - Their degeneration induces locomotor ataxy; and if they are divided trans- 
Tersely in several places, the movements of locomotion become more and more inco- 
ordinate in proportion to the number of transverse sections. Ynlpian is probably right^ 
however, in saying that, independently of their roots^ the anterior columns are somewhat excitable. 
They are also slightly sensitive^ as are the anterior roots; their sensibility being doubtless 
due to the prolongation backwards towards the cord of those recurrent sensoxy fibres 
which the anterior roots derive from the posterior ones. 

It is generally agreed that the grty substance of the cord is both unexcitaHe and 
deMitute of sensibility. 
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FUNCTIONS of the SPINAL COBD- 2nd Tablet. 

CONDUCTION. 

It was belieyed up till lately, also in aooordanoe with the dootrines of Sir 0. Bell & Longet, that the 
antero-lateral & posterior columns of the oord were, at least fnnctionally, the contmnation of the 
oorresponding roots of the nerres, and that, as these roots are condnotors of motor impulses &' 
sensory impressions respectively, so were also the latter. This belief was based partly Upon the 
mistaken notion that the tracts of the cord were directly excitable, and that they responded, as do 
the roots of the nerves, to the stimuli applied to them ; and also partly npon the results of the follow- 
ing rongh experiment : - The cord was oat through horizontally and electric stimuli were applied to 
the cut surfaces of the segments. Muscular coniractums were then seen to take place when the stim- 
ulus was applied to the cut surface of the caudal portion of the antero-lateral column^ Yr\ui»pain was 
manifested when the stimulus was applied to the cut surface of the cephalic portion of the posterior column. 
- In this experiment both the muscular contractions produced and the pain ebcitea, were due, not, 
as was presumed, to irritation of the proper fibres of the oord, but to irritation of the internal 
or dief part of the roots of the nerves as they ascend or descend between the white fibres of the oord to 
join the cells of the grey matter. The conclusion was therefore groundless. 
The correct statement of facts is as follows : - 

Senaory Impressions : 

L - Pass for a short distance upwards &* downwards through the white substance^ along the fibres 
of the intemal or deep part of the posterior roots^ as is shown by ; 

After the operation signs of pain are elicited by 

irritation^ on either sur/ace of section, of the inter* 

Tratuverse section ot posterior Aal/o/leot^'.^ nal or deiep part of tiie ponerior rootB, as they 

ascend aiul descend respectively in the cephalic s 
caudal segments of tiie cord. * 
IL - Cross over entirely (Brown'S/quard)^ almost entirely ( Vulpian), into the opposite side of the cord^ 
as is shown by ; 

Sensation totally lost. Qit greatly impaired, in oppo- 
Transverse section of one lateral Jial/ot cord : - site side of body, uightqr impaired, perhaps, on side 

of section. 

Median section down the cord : - iotkHd^^ '"^'^ ^'' *"' ^^^ »°»P*»^. o* 

HI* * Ascend to the cerebrum through the grey matter , as is shown by : 

uninjured:- ' "^ ' * on either side. 

Transverse section ot antero-lateral columns &* 

Sinjured'^ of /osZior ^^^l^ns &?Jr^ matter, Sensation totaUy lost on both sides, 
antero-lateral commns alone remaining uninjured : 

It may be added that partial destruction of the grey matter impairs the sensibility in all the parts 
below, but does not destroy or diminish it in anv one part in particular; and that sensibility is never 
entirely lost so long as any of the grey matter remains uninjured. 

* An additional remarkable result of this experiment is the increaud sensibility of all the parts below, 
which is observable a few hours after the operation, and which persists to a greater or less extent for 
several days or weeks; it is probabWdue to the congestion of the cord in consequence of the suppressed 
action of the vaso-motor nerves. DiTlsion of one lateral half of the cord similarly affects the corres- 
ponding half of the body. 

Xotor Impulses: 

L - Descend from the cerebrum throu^ those fibres of the mesocephedon o* medulla oblongata zuhich 

are continuous with the opposite antero-lateral column of the cord, as is shoion by : 

Disease ot, fa injury to, one side of the cerebrum. Motor power totally lost, or very greatly im- 

or division of one of the crura cerebri or of one of paired, usually in limbs of opposite side, h in opposite 
the anterior Pyramids above the decussation : - half OX body. 

n. - Pass to a great extent into the opposite side of the cord at the point of decussation of the anterior 
pyramids^ as is shown by: 

Transverse section of one laUral half of cord rJH^^tf^^ ot'!L!^Jde''l 2?o^on(u2r* 
beUnv point of decussation of anterior pyramids : - gSf^'bSy corresponding 

Mediansectionthroughpointofdecussation:^ ^^^^tV^'be^SL'. """ ^ ^"^^ ^' 

UL - Descend through the antero-lateral column ^ perhaps also through the adjoining part of the 
grey substance^ as is shown by : 

Transverse section of posterior columns^ grey Motor power slightly impaired m all the partt 
matter (the grey matter cannot be diTided alone : - below. 
Median section down the cord ; - Motor power unimpaired on either side. 

It must be added that some of the fibres of the anterior roots decussate throughout the whole or 
nearly the whole of the cord; these fibres are probably concerned in the conveyance, not of voluntary, 
but merely of reflex impulses (Brown-MquardX 

t In the cervical region division of the lateral column alone produces a greater amount of paralysis 
than division of the anterior column alone; in the dorsal & lumbar regions, division of the anuhar 
oolmnn alonsprodnoee « greater amount of peralyBis than the divisloa of the latere eehunn aioae. 
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FUNCTIONS of the SPINAL COED - 3rd Tablet. 



SPECIAL SENSORY & MOTOR CHANNELS. 



Appear to be devoted to the conTeyanco of the impressions of /otif, temperatMre^ touch 6* 
ticklings & the muscular senses and to the conveyance of the involuntary motor impulses oj 
^^^r/jry (Brown-S6qnard). -The oondnctora of impreasiona of pain are diBaeminated 
thronghont the posterior & lateral parts of the grey snbstanoe. The oonduotors of impres- 
aions of temperature are found in the central parts of the same. The oondnotors of the 
impressions of touch 6r* tickling lie mainly^ according to some physiologists, in the anter- 
ior part of the grey sabstanoo. Schiff maintains, however, that they lie in the posterioi 
white colnnms. The oondnotors of the muscular sense, appear to deonssate in the moduli^ 
not in the oord. The fibres which convey the involuntary motor impulses of epilepsy li« 
according to Brown-S^nard in the lateral white oolnmns, and, in aooordanoe with this 
supposition, Charcot has obeerved that Scleroaia of these colamns ifl invariaUy aooonk 
panied by mnflonlar spaama* 
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FUNCTIONS of the SPINAL C0KD.-4th Tablet. 

BXFLBZ AOnON. 

I 

Jb ezoito-motor. llie oord oontama the vesical, anal, & gemtal centres, and; with the medalla^ 
it g^vems the calibre of the blood-vessels (Vide Yaso-motor r^ex ao^on h sympathetio neryes), 
and maintains the muscular tonus throughout the bodj. 

Tlie reflex power of the cord increases when the cord is severed from the cerebrum, and, as sucoessiye 
transverse sections are made from before backwards, the reflex power of the g^radually 
diminishing caudal segment progressiyely increases (Sohiff). Th& can hardly be attri- 
buted to the suppression of any intra-oranial (Setschenow) or spinal (Nothnagel) inhibitory 
centres, and, in all probability, is simply due to the increased excitability of the grey matter 
induced by local irritation (Kiiss) ; any irritation of the cord induces hypereesthesia*, which 
condition must, a stimulus being given, increase the energy of the corresponding reflex 
action (Dalton). -This increased excitability might, it is true, be attributed, to tif^rAu^r^ 
vascularity dependent upon increased vctso^motor, or suppressed vasO'inhibitory action. This sup- 
position would tally with the fact, which lies at the basis of Setsohenow's & Kothnagel's 
hyX>othe8i8, ue,, that irritation of the cerebral ganglia, the medulla, or the upper part of the 
spinal cord diminishes both the excitability & the vascularity of all the parts below ; and it 
would, to a great extent, conciliate both opinions. 

The laws of PflUger govern the reflex actions of the first class both as regards the muscles called 
into play, and as regards the energy of their contraction $ these laws are as follows : - 

L The minimal impression is reflected upon a motor nerve of the same plane and same side 
of the body, and upon the muscle or muscles it supplies. 

2. A stronger impression is reflected, not only as above, but also upon the corresponding 
nerves &* muscles of the opposite side, these latter muscles contracting less vigorously than^ or 
at most as vigorously as, those of the side irritated. 

3. An impression somewhat stronger is reflected upon the nerves abow, either of the same side 
of the body or of both sides, - never upon the nerves below, 

4b An impression stronger still reaches the medulla oblongata, is reflected upon all the motor 
nerves of the body, and gives rise to general convulsions. 
As far ds the reflex actions of the first class are concerned, the power of the cord, when isolated from 
the cerebrum^ is relatively slight in man dr» in the warm-blooded animals generally. In both cases 
the decapitated body rolls over into any fortuitous position which i& weight and the resist- 
ance of surrounding objects may combine to give it, and the movements of the parts irri- 
tated are disorderly and apparently purposeless. A brainless frog, on the contrary, maintains 
very nearly its normal attitude ; if a limb be irritated, it is withdrawn towards the body, if a 
drop of add bo placed on the inner condyle of the femur, the animal will wipe it away, 
nsing either the foot of the same side, or, if it be prevented from doing this, using, after a 
moment's hesitation, the foot of the opposite side . ' »» ' 

That these phenomena are due, not to any psychical action, but simply to the 
reflex activity of the spinal cord, is shown by the great uniformity of the movements 
in question, and by the absence of all spontaneous action in the part of the decapitated 
trunk. The lower an animal is placed in the scale of beings, the more its actions are go- 
verned by the pre-arranged mechanism of its nerve-centre, and the less is left to voluntary 
choice ; the more, therefore, of those movements which appear to be purposive, can be per- 
formed under the sole influence of the cord. ^^ 
The vesical, anal, &* genital centres lie in the lumbar portion of the cord, and the normal move* 
xnents of the pelvio organs may be induced by irritation either of these centres or of the 
nerves emanating from them. 

The anal centre governs the reflex actions of the sphincter & levator ani and of the cir- 
cular & longitudinal fibres of the gut ; upon the rectum becoming distended, the sphincter 
relaxes (unless it be contracted voluntarily), and both the levator ani & the fibres of the gut 
contract, the former drawing upwards and opening the orifice, the latter expelling the fasces.- 
The power of the sphincter to resist defecation is overcome (involuntary discharge) when the 
distention of the gut increases beyond a certain limit, especially if the irritability of either 
the rectum or cord be increased by disease. The discharge though still remaining inter- 
mittent, becomes both involuntary &* unconscious when the cord is injured above the anal 
centre. When the anal centre itself is destroyed the faeces are evacuated atfsstasthey dtxcend 
into the rectum, the sphincter being paralysed. 

The vesical centre governs the reflex contractions of the sphincter veaicsd and of the 
muscular coat of the bladder ; - the reflex action of micturition is similar to that of defecation, 
and it is similarly affected by injury to the spinal cord. 

The genital centre governs the phenomenon of erection both in the male and female, and 
the reflex contractions of the vesiculss seminales, vasa deferentia, pregnant uterus 9t 
pennseal muscles. All the genital functions may be performed under the sole influence of 
this centre (Golti h Frewsberg). - Erection consists in the actiive dilatation of the arteries of 
ike erectile organs, and may be induced by irrritation of the nervi erigentes, wmoh arise from 
^e above centre and traverse both the sacral & hypogastric plexuses (Eokhard). 



90 



FUNCTIONS of the MEDULLA OBLONGATA— 1st; Tablet. 



CONDUCTION — T^ motor impulsei decussMe in the anterior pyramids ; and bo do also the 

motor impnlses (Sohiff). Sensory impressions^ those of the muBeiilar seziBe eareepted ][Brow]i- 
S6|Tiard), do not decussate in the medulla ; thej decussate in the oord below. 

REFLEX OR AUTOMATIC ACTION — Governs :- 

Mastication 6^ Deglutition ; 

Phonation, Articulation, &* Mimetic expression ; 

Respiration ; 

The action of the heart; 

Vaso-motor reflex action ; 

The movements of the iris* 

Masticatioil & DeglntitioXl - That mastication k theflrst act tit deglutition, though they 
are controllable by the will, are neyertheless of a somewhat reflex^ associated, or secondarily 
automatic character, is shown, not only by their oontinnance, though tiie roluntaiy stimulus 
(the meal being once beg^nn) be partly or wholly withdrawn, but also by their imperfect 
performance by the direct influence of the wUl, when the fifth nerve is paralysed. The 
second 6r* third acts of deglutition are completely automatic, and as long as the medulla is 
entire or not seriously injured, they continue to be performed spontaneously when food 
is introduced into the back of the mouth. - The afferent nerves engaged in this reflex 
action are the inferior division of the fifth, the glosso-pharyngeal, £ the superior laryn- 
geal branch of the pneumogastric ; the motor nerves are the motor root of the fifth, the 
facial, the pharyngeal & inferior laryngeal branches of the pneumogastric, & the hypo- 
glossaL 

Fhonation, Articulationy & Mimetic Expression - These are also associated or sec^ 

ondarily automatic actions, and there are g^ood reasons to believe (Van der Kolk, Duchenne^ 
Lockhart Clarke) Uiat their centre is in the olivary nucleus. - The stimuli for these reflex 
actions may be conveyed to the medulla through any sensory nerve, or may, in the 
shape of emotions, be handed down from the ganglia of the base of the brain : - A 
shriek, -unconscious & purely ezcito-motor in character, - is uttered, though the whole 
encephalon, excepting the medulla^ be removed, when either the medulla is irritated or 
the foot is pindhed (Yulpian). 

The eSferent nerves govern the laryngeal muscles (superior & inferior laryngeal 
branches of the pneumogastric), those of the tongue (hypoglossal), those of the Ieum 
(portio dura of the 7th) ; - the glosso'hUnO'laryngeal paralysis is the expression of chronio 
aeg^eration of the grey matter of the medulla. 

Respiratoiy Movements - Are sufficiently under the control of the will to render them 
subservient to phonation <S^' articulation, but unrestrainable beyond these limits; therefore 
essentially automatic, unaccompanied by fatigue, &* usually unconscious. The centre which 
governs them lies in the interior of the medulla opposite or a little below the origin of the 
pneumogastric nerves; and not only may the cerebrum, cerebellum, mesocephalon, and 
the spinal cord up to the origin of the phrenic nerves (and in birds & reptiles, which 
have no diaphragm, up to the medulla itself) be removed g^radually without respiration 
ceasing, but even the exterior of the medulla may be shaved off to within a few lines of 
this part, and the animal will still continue to breathe. 

The chief afferent, sensory, or excitor nerve is the pneumogastric : when both pneumo- 
gastrios are mvided, the inspiratory movements become tnuch slower, though somewhat 
deeper (Vide Pneumogastric Nerve). That other nerves also may convey the impression 
of the necessity of breathing is rendered evident, however, by the sudden gasping for 
breath produced by the dashing of cold water into the face, and by the deep inspiration 
preparatory (as the case may be) to sneezing, coughing, vomiting, or to the voiding of 
the urine or of the faeces, or to the expulsion of the foetus, produced by irritation of the 
nasal f ossee, or of the lower part of the respiratory or upper part of the digestive tracts, 
or of the bladder, rectum, or uterus. The circulation of imperfectly aerated blood in 
the medulla oblongata itself may also act as a stimulus to respiration ; an excess in the 
amount of carbonic add in the blood stimulating the medulla more than a deficiency in 
the proportion of oxygen. The most important efferent or motornerve \b the phrenic, but 
almost all the nerves of the body may oe considered to form part of the respiratoxy 
system of Sir C. fiell, for almost every muscle may be called into play in violent respira- 
tory efforts : - Division of the cord in the lower cerviccd f^gion paralyses the intercosted 
muscles; respiration is then continued by the diaphragm. Division above the ^d cervical 
vertebra, paralyses the diaphragm also; suffocation then takes place rapidly, inspiratory 
efforts continuing, however, for a time in the muscles of the face, neck s laiyiix. As 
soon as the respiratory centre is injured, respiration ceases immediately ; no further attempt 
whatever being made at inspiration, the stimulus for which is no longer perceived ; as 
a consequence, the action of the heart is soon arrested. Division of the mcdstUa aibovt the 
respiratory centre interferes merely with the inspiratory movements of the nostrils. 
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FX7NCTIONS of the MEDULLA OBLONGATA.— 2nd Tablet. 



Action of the Heart - ^^ medulla oblong&ta oontainB both the cardio^motor^ 6* the vagal or 
extra-cardiac inhibitory centres (Yide two following Tablets). 

VasO-Motor Reflex Action -* ^^ medalla oblongata contains both the vaso-motor df the 
vaso-inhibitory centres; the former extending in the rabbit from a little above the apex of 
the calamos scriptorius to a little below the tnberonla quadrigemina (Lndwig it 
Owsjannikow),* and being, on the one hand, in constant automatic action, inducing arterial 
tonus and, on the other hand, in reflex relation with afferent and efferent nerve^Jthres, which 
latter fibres decussate in the anterior pyramids (Brown-S^uard), descend along the antero- 
lateral columns of the spinal cord, issue through the anterior roots of the spinal neryes, and 
then run both along the spinal and ' along the sympathetic nerves, which latter nerves they 
join through the rami communicantes : - If the vaso'tnotor centre be stimulatedhy direct excita- 
tion of the medulla, by the venous condition of the blood, or by irritation of aJmost any sen- 
sory nerve, or if the spirud cord or a vaso-mator nerve be stimulated, and an artery be watched, 
the artery will be seen to contract, the stream of blood in its interior being first accelerated, 
then slackened, and finally perhaps arrested. If the vaso^motor centre be destroyed, or if the 
cord below it or a vaso-motor nerve be divided, or if the vaso-inhibitory centre be stimulated through 
the depressor nerve, and an artery be watched, the artery will be seen to dilate; - and, if the 
area ofvaso-motor action be extensive (as when either of the two centres, or the spinal cord, 
or a commanding nerve, such as the depressor or ono of the splancbnics, is brought into 
play), the general arterial pressure will be either considerably elevated or considerably 
depressed, and, in addition, the action of the heart will be, in the one case slackened, in the 
otner case accelerated, f 

The course of the vaso-motor nerves is somewhat complex : -Those of the limbs proceed 
from about t^e middle of the thoracic portion of the spinal cord, those of the upper limb 
ascending to the cords of the brachial plexus through the superior thoracic portion of the 
sympathetic, and those of the Icnoer limb descending through the abdominal k pelvic por- 
tions of the same to join the anterior crural h, sacral nerves. Division of the roots of the 
nerves of the limbs in the spinal canal does not affect the temperature of the limbs ; the 
temperature of either limb is suddenly raised, however, by division of the cords of the corres- 
ponding plexus. - The vaso-motor nerves of the head 6^ neck follow the cervical portion of 
the sympathetic. - Those of the abdominal viscera descend through the splanchnic nerves. - 
The vaso-motor fibres which run along the sympathetic nerves arise also in part from the 
aympathetio g^anglia, as is shown by the influence of the submaxillary ganglion over the 
vascularity & secretion of the submaxillary gland (Tide Functions of the Sympathetic). 

* In some •«<m*i» the vaso-motor centre appeon to be prolonged downwards into the cord (Brown- 
B^uard) ; In othen it is prolonged upwards Into the nusocepkakm & the crura cerebri (Schifl). 

t " Increased blood-pressure exerts a doable action. On the one hand. It excites the heart to in- 
" creased frequency of action by direct irritation of Its motor ganglia ; on the other hand. It stimulates the 
"vagal centres in the Medulla, and thus causes slowing of the heart, the actual result in any given case 
" beug dependent upon the preponderating influence of the cardiac motor or medullary inhibitory centres. 
"Usually the mednuary centres are strongest, and increased blood-pressure causes uowiug of the heart ; 
" but if the vagi be divided, so that they can no longer act on the heart, increased blood-pressure stimu- 
" lates the heart to more rapid action. " (H. Power). 

If OVementS of the Iris - ^^c dilatation of the iris is governed by the two cilio-spinal centres 
situated, the one in the spinal cord between the sixth cervical & second dorsal vertebne^ 
the other in the medulla oblongata close to the origin of the hypoglossal nerve (Budge). 
From these centres fibres ascend through the cervical cord &* the cavernous plexus of the sym» 
pathetic to the ciliary or lenticular gansiion, from whence they pass to the eyeball to supply 
the radiating J^es of the iris; some fibres are said to pass through the Gasserian ganglion 
ft the ophthafmio branch of Uie fifth nerve : - Irritation of either of these centres, or of the 
sympathetic in the neck, induces immediate dilatation of the pupil. ^ The oilio-spinal 
oentres are stimulated by the venous condition of the blood, so that the pupils dilate in 
asphyxia. - The circular fibres of the iris are supplied by the third nerve* 
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INFLUENCE of the NERVOUS SYSTEM over the ACTION 

of the HEART.— 1st Tablet. 



Tiio contractions of tho heart are not governed directly by the cerebro^spinal nerve<efUreSy for injury 
to the latter amounting even to total dostrnction, does not, if gradually inflicted, stop the 
heart's action, and, if suddenly inflicted, generally occasions but a temporary interruption 
due to shocky especially if, in the case of warm-blooded animals, artificial respiration be re- 
sorted to. The action of the heart continues even after that organ has been completely dis- 
connected from all other structures and removed from the body, and continues under such 
circumstances for several minutes in the case of warm-blooded, and for several hours in the 
case of cold-blooded animals. 

The immediate cause of the hearts action liesj therefore, within the heart itself ue,, in the numerous 
^nglia &* nerves of the sympathetic system^ which are distributed throughout the substance of 
the heart, and more particularly, in the frog, in the ganglia of Remake situated near the 
opening of the inferior vena cava, and in the ganglia of Bidder^ situated in the left aurioulo- 
ventricular septum near the sinus venosus. 

To these ganglia are added the ganglia of Ludwigy which are situated in the inter-auricular septum, & 
whose action upon the former appears to bo inhibitory : - If theiSe latter ganglia be irritated, 
tho heart stops in diastole. If the heart be so divided that one part contain the ganglia 
of Bemak, while the other part contains the ganglia of Bidder & Ludwig, the former part 
will continue to act while the latter will remain motionless; but if now the larger seg^ment 
be again divided so as to separate the auricles containing the ganglia of Ludwig, from tho 
ventricle containing the ganglia of Bidder, the latter will commence to beat, while the 
former will continue quiescent. 

A treble influence is brought to bear upon the cardiac ganglia : - 

1« - To the intra-cardiac inhibitory centre (Ganglia of Ludwig) is superadded the vagal 
or extra-cardiac inhibitory centre contained in the medulla, whose influence is conveyed to 
the heart through the pneumogastric nerve and its cardio-inhibitory branch. 

2. - The cord of the sympathetic and the cardiac nerves which arise from its inferior 

cervical & first dorsal ganglia, convey from the cardio^motor centre contained in the medulla 

an influence which stimulates the heart, or perhaps merely modifies the distribution of its 

efforts in time in the direction of greater frequency of action counterbalanced by decreased 
energy. 

3. - The vaso^motor system^ while subjected by means of the depressor nerve or xmuo^ 
inhibitory branch of the vagus to influences originating in the heart, influences indirectly, 
on the other hand, both the vag^ k the intra-cardiao inhibitory centres. 

Certain poisons^ also, hare a well-marked influence both over the cardio-motor & the cardio- 
inhibitoiy centres. 
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INFLUENCE of the NERVOUS SYSTEM over the ACTION 

of the HEAKT.-2nd Tablet. 

AGENCIES WmCH GOVERN the CARDIAC GANGLIA. 

Vagal or Extra-cardiac Inhibitory Centre, and Cardio-inhibitory Nerve - The 

infiaence of the vagal or extara-cardiac inhibitoiy centre is conveyed to the heart through the 
pneumogastric nerve^ and its superior cardiac branchy or cardio-inhibitory nerve ; - If either of 
these nerves be divided, the heart beats with greater frequency &* strength. If either nerve be 
irritated— or if, after division, the peripheral segment of either nerve be irritated — ^the action 
of the heart wiUbe, within about ^ of a second, and according to the strength of the stimulus, 
either slackened dr* weakened (though ampliated), or for a time entirely arrested in diastole* 
The reason why the inhibitory effect is not immediate is that the nerve does not act directly 
upon the muscular fibres of the heart, but merely stimulates the intra-cardiao inhibitory 
centre, which centre reacts in its turn upon the muscular fibres. - The vagal centre is in con' 
slant automatic action^ always restraining or moderating the action of the heart ; but it may 
be stimulated to increased inhibitory action by increased arterial pressure, by the venous con- 
dition of the blood, by irritation of almost any sensory nerve, especially the fifth, or 
of the abdominal viscera or abdominal plexuses of the sympathetic, by a sharp blow on the 
abdomen, etc. 

Oardio-Motor Centre, and Cardio-Aocelerator Nerves - The cardio-motor centre is 

stimulated by the arterial character of the blood, by mental emotions, and also by the sli^ 
irritation of almost any sensory nerve. Accelerator nerves^-^or perhaps nerves whose in- 
fluence modifies merely the distribution of the efforts of the heart in time, in the direction 
of greater frequency coupled with diminished energy — descend from this centre partly along 
the cervical cord of the sympathetic^ but mainly through the spinal cord, the rami communicantes to 
the last cervical ^ first dorsal ganglia, and the cardiac branches given off by the latter: - Irritation 
of the cervical portion of the sympathetic, or of the medidla or upper part of the cervical 
cord, accelerates the action of the heart. 

The acceleration induced by irritation of the medulla or upper part of the spinal cord 
is, however, a complex phenomenon due in part to irritation of the vaso-motor centre, irritation 
of which centre induces contraction of all the arteries and increased arterial pressure : - 
Irritation of the medulla or upper part of the spinal cord will accelerate the beats of the 
heart even though all the cardiac nerves be cUvided, pbovided the splanchnic nerves be lept 
VKINJURED; if, liowever, the splanchnic nerves be divided, or if the spinal cord be divided at 
the upper part of the dorsal region, so as to do away, by paralysing the gpreater part of the 
vaso-motor system, with the influence upon the heart of modified arterial pressure, then 
irritation of the medulla or of the upper part of the spinal cord will no longer accelerate the 
beats of the heart unless the cardio-motor nerves remain uninjured throughout the whole of 
their course. 

Depressor Nerve, or Vaso-inhibitory Branch of the Vagos - The depressor neroe^ 

or vaso'inhilntory branch of the vagus (Ludwig & Thixy) is an afferent or sensory nerve 
extending from the heart to the trunk of the pneumogcutric a little below the origin of the 
superior laryngeal nerve, and which is in reflex relation through the medulla both with the 
vagal or extra-cardiac inhibitory centre, and with the vaso-inhibitory centre. If it be irritated, oz 
if, after division, its central segment be irritated, the action of the heart is first slackened, and 
• then sometimes slightly accelerated: -first slackened through irritation of the vagal centre, from 
which centre an inhibitory influence is conveyed to the heart through the pneumogastric & 
oardio-inhibitory nerves j then slightlv accelerated through irritation of the vaso-inhibitory centre^ 
irritation of which latter centre inauces dilatation of all the arteries of the body, diminution 
of the blood pressure, diminished supply of blood to the mediUla, and consequently dimin- 
ished activity of the previonsly excited vagal, or extra-cardiac inhibitory centre, and also^ 
probably, diminished activity of the intra-curdiac inhibitory centre. 

Poisons which act on the Cardio-motor & Cardio-inhibitory Centres - NicoHn 

&* IVoorara first stimiUate, and then paralyse, the vagal or extra-cardiac inhibitory centre 
& the cardio-inhibitory nerve ; they therefore fint slacken, and then accelerate the beats of 
the heart, and prevent the beats of the heart from being arrested by irritation of the vagus. 
Atropin adds to the latter action that of paralysing the intra-cardiac inJiibitory centre, and thuiL 
not only accelerates the heart's action, but prevents its being arrested either by irritation of 
; the vagus or l^ direct irritation of the intra-cardiac inhibitory centre. Muscarin appears to 
stimulate the intra-cardiac inhibitory centre, for it arrests the heart in diastole, even though 
the nervous system be previously brought undo? tne influence either of nicotin or of woorara. 
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FUNCTIONS of the CEKBBELLX7M. 



The oerebellnm is either the organ for the co-ordination of voluntary movements (Flovrens) or 
the seat of the muscular sense (Foville). Bither theory ezplainB the experimental facts, bat 
the latter harmonises most with the extreme sensibility of the cerebellar peduncles : the 
knowledge of the position of the limbs and of the degree of contraction or relaxation of the 
muscles is as necessary for harmonious action as a reg^ating or controlling power : - When 
the cerebellum is remored in sucoessire layers, the two hemispheres being sliced off 
simultaneously, want of co>ordination in the action of the muscles, and hence weakness and 
uncertainty and want of harmony in all voluntary movements is the result ; and this result 
becomes more and more marked till the power of walking, springping, flying, or even of pre- 
serving the equilibrium, is entirely lost. Partial recovery may, however, take place when a 
portion of the cerebellum, sometimes not more than one-third, is left ; and patients otherwise 
confined to their bed or to a sick room, may show little or no disturbance of the oo-ordinatiTe 
power, though their cerebellum be extensively diseased. 

Ho other results follow the experiment; the intelligence, the senses, and the motor power (the 
fact of inco-ordination excepted) remain unimpaired. 

The influence of each hemisphere is directed towards the opposite side of the body : - When one 
hemisphere is removed, when one cms is divided, or when the pons is divided on one side of 
the middle line, the power of co-ordinate movement preserved on the side of the injury, is 
lost on the opposite side ; the animal then falls on the disordered side, and usually turns 
himself over and over again often as many as sixty times in a minute, the rotation being 
from the side on which the injury was inflicted. Similar movements have been observed in 
man. - When the cms is divided from behind the rotation is towards the injured side (Schiif). 

These rotatory movements do not appear to be due to the mere unbalanced action of the muscles 
of one side of the body^ as was first believed, and they have been attributed of late to the 
irritation of a peculiar set of spinal fibres not usually employed by the will (Brown-S^uard). 
They are characterised by a peculiar twisting of the vertebral column in a corkscrew-like 
manner, the front of the spine rotating first, and then dragging, as it were, the posterior part 
after it (Longet). 

The cerebellum also influences the movements of the eyeballs. By irritating different parts of 
its surface Dr. Ferrier produced every kind of movement of the eyes, even rotation on their 
antero-posterior axis; these movements were always symmetrical, even when only one 
hemisphere was irritated. 

The oerebellum itself is insensihUy at least in its superficial parts, but irritation of its crura 
gkfcs rise to violent pain, - Irritation of its deeper parts g^ves rise to pain and to convul- 
sions (Balton). 

Only conjectures can be added : - It is the organ of physical love (Grail). - It is the great trophio 
centre (Laycock). ^ It is neither a sensory centre nor a seat of consciousness, nor is it s 
part through which the conductors of motion or of sensation pass \ no idea^ emotion, or vo» 
luntary act is suppressed by its being injured (Brown-S^uard). 
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FUNCTIONS of the MESOCEPHALON. 



Benaory impresBioiiB appear to be condacted mainlj tbroagh its central portions, motor impnlses 
mainly throogh its anterior portions. - The yaso-motor impnlses deoossating in the 
anterior pyramids, division of one lateral half of the mesooephalon indaoes hypersssthesia 
in the opposite side of the body. - The restiform bodies are not condnctors of sensory im- 
pressions (Brown-S^nard). 

The surface of the mesooephalon does not appear to be directly excitable, but, if the electrodes 
be passed into the substance of the part, the electric stimolns gives rise both to convnl- 
sions & to manifestations of pain (Longet). 

Both Longet & Tnlpian consider the mesooephalon to be an independent seat of sensation & 
motor power. <* They insist npon the fact that after removal of the whole brain, with 
^ the exception of the tnber annulare and medulla oblongata, irritation of the external 
« parts or of a sensitive nerve will produce, in dogs and rabbits, cries which are evidently 
** the expression of a conscious sensation ; and according to Yulpian, after extirpation of 
" the hemispheres and the cerebral ganglia in the rat, movements of the head and limbs 
'* were not only produced by pinching the integument, but blowing suddenly upon one of 
*' the ears caused shaking of the head, aocompanied by winking of the eyes ; showing that 
« the animal was still sensitive to ordinary tactile impressions, as well as to those of a 
** painful character. The same experimenter found that in a rat, after the above 
" operation, a hissing sound made by the lips excited repeatedly distinct signs of agitation. 
^ From these facts it can hardly be doabted that sensations are actually perceived by the 
** animal so long as the tuber annulare remains uninjured" (Dalton). 

N. - The above facts do not appear to warrant the conclusion which is drawn from 
them. The reflex power either of the medulla oblongata or of the mesooephalon itself 
is quite sufficient to explain all the phenomena observed. 



FUNCTIONS OF THE CRANIAL NERVES. 



;•* 
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MOTOR NERVES of the EYEBALL 



JixeiAiBtAird^fottrtkfh sixth. 

Third Nerve, or Motor Ocnli - Motor with traces o£ AenBibilitj probably derived from the 
6fch. Supplies by its saporior branch the levtUer paipebra tupcritfris A the superior rectus^ 
and by its inferior branch the ititemal & inferior recti & the inferior oblique (all the mnsolea 
of the orbit except the superior oblique & the external rectus) $ the latter branch ^ving off 
tho short or motor root of the lenticular ganglion, which root supplies the circular fibres of 
the iris & the ciliary muscle. 

When it is irritated the corresponding muscles become convulsed, and the pupil contracts. 

When it is divided or paralysed, - 

1. - The eye looks outwards through the unbalanced action of the external rectus, 
and is rotated inwards by the superior oblique. 

2. - The upper eyelid can no longer be raised (ptosis) through the unbalanced action of 
the orbicularis palpebrarum. 

8. - The pupil is dilated, and vision is accommodated for distant objects. 

Fourth Nerve, TrOChlearis, or PatheticxUS - Motor with traces of sensibility. Supplies 
the superior oblique. - When the head is inclined to one side the superior oblique of that side 
contracts with the inferior oblique of the other. These muscles thus compensate for the devia* 
tion of the head by rotating the eyeballs round their antero-posterior axis in such a way 
that the correspondiDg diameters of the two retinae remain both parallel to each other, 
and, in all normal positions of the body, in the same relation to external objects. When 
one of these muscles is paralysed, double vision results, the image perceived by the affected 
eye being oblique with regard to the other. These disturbances disappear when the head 
is inclined towards the opposite side. 

Sixth Nerve or Abducens - Supplies tho external rectus. Its division or paralysis gives 
rise to internal squint. 

The norve-supply of the muscles of the orbit is dervvidfrom three different sources^ 
apparently in order that the insymmetrical muscles which act together, - as the right external & 
left internal recti when both eyes look to the right, and the left superior & right inferior 
oblique when the head is inclined to the left, - be supplied by totally different ften/es, and 
that, in such cases, the tendency be counteracted, which symmetrical muscles have to 
contract together. 

Th^ sympathetic nerve supplies the radiating fibres of the iris. When it is irritated th(» 
pupQ dilates, when it is divided the pupil contracts. 
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FIFTH NERVE, 



LESSER or NON-OANOLIONIC PORTION — Conreya motor power io the mnsolei 
of mastioation :- tempwal^ masseter^ both pterygoids^ myh^hyoidt & anterior belly of digastric, 

GREATER or GANGLIONIC PORTION - 

I. - Conveys common sensibility to the anterior & lateral parts of the head, 
and common & gustatory sensibility to the anterior two-t}iirds of the 

tongue. -Its intra-cranial section abolishes the veiy acute sensibility of these parts 
(Magendie). It is impossible, however, to destroy completely the sensibility of any portion 
of the face by section of only one of the three divisions of the 5th nerve, for these divisions 
anastomose extensively with each other ; - the facial nerve, also, mainly throngh its anasto- 
moses with them, conveys everywhere some amount of sensibility. - The parotid region & 
the pinna are also supplied by the great auricular branch of the cervical plexus. 

n. - Conveys muscular sensibility to the muscles of the face & lower jaw. 
m. - Is the afferent nerve concerned in various reflex actions. - After its division, 

winking ceases; irritation of the conjunctiva produces no flow of tears; irritation of the 
mucous membrane of the nose, no sneezing. -» Through suppression of the ordinary 

" guiding sensations" the movements of the face become slow k awkward. 

ZV. - Its section has an injurious influence over the nutrition & functions 

of the Organs of the Special Sense, *- This influence being especially marked 
when the nerve is divided in front of the Gasserian ganglion^ and being mainly due, therefore, 
to the suppressed action of the fibres arising from the ganglion-cells. (Division of the 
sympathetic retards rather than otherwise the nutritive & functional ■ disturbances ; and 
certainly does not induce them, as was once believed. -Bernard). — After division of the 
hth nerve : - 

Taste^ and the common sensibility of the tongue - I^je abolished in the anterior two- 
thirds of the organ (Vide Lingual ii Glosso-Pharyngeal nerves). 

Smell - Is impaired through congestion, oedema, A hypersecretion of the 
I Schneidorian membrane, and the blocking up of ike nares by accumulated mucus ; some- 

times through diminished secretion & dryness of the parts. 

I Hearing - Is impaired, probably through similar causes. 

Sight, - Immediately after the operation, the conjunctiva loses its sensibility, and 
I the pupil becomes contracted & immovable (It dilates in cats & dogs). The conjunctiva 

I then inflames & suppurates; the cornea becomes opaque, and the iris swollen & 

i covered with inflammatory oxadation ; finally the cornea sloughs, and the eye is emptied. 

\ Occasionally the process subsides, and sight is restored. - The eye remains healthy , however, 

^ says Snellen, if it is covered over with the ear, which partly retains its sensibility. The 

drying up of the surface of the eyeballs (the lachrymal secretion being no longer spread 
I over it by the reflex action of winking), and its unavoidable injury by foreign bodies whose 

contact is no longer felt, appear therefora to hare lomething to do in initiating tfa« 
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FACIAL NEKVE. 



The facial nerre ia exclusively motor at Us ori^n» Further on, howeTor, it beoomei both sensory 6* 
• motor. This is dae to its anastomoses with the 5th k glosso-pharyageal nenres, throagh the 

petrosal ; with the 5th nerve through the anricnlo-temporal, the chorda tjmpani & the terminal 
Branches of both nerves upon the f aoe ; with the pnenmog^trio nerve through the auricular 
branch of the latter ; with tfa« g^reat auricular branch of the cervical plexus; and perhaps also 
to its anastomosis wiih the auditory nerve through the poriio intermedia of Wrisberg. 

The Facial Nerve snppliea : 

!• — All the museUs of expression of the /ace^is^tAxiAmgiii^platysma {not the muiclea of 
mastication). 

2. — Through the great petrosal nerve & Meckel's ganglion, the levator palati 6« the 
atygos uvula. 

8- ~ Through the small petrosal nerve k the Otio ganglion, the tensor palaii k tensor 
tympanic and the parotid ff and (secretory fibres running in the course of the auriculo-temporal). 

4. -^Through its tympanic branch, the stapedius k laxator tympani. 

5. — Through the chorda tympani, the submaxillary gland (secretory fibres traversing 
the submaxillary ganglion), and the superior lingualis, 

6. — Through its posterior auricular k muscular branches, thi muscles of the external 
; ear, and the stylo-hyoid k posterior belly of the digastric. 

Its Functional Activity is necessary for the perfect exercise of sight, hearing, smell, k taster and for 
the maintenance of the normal expression of the face, — When it is paralysed,- 

1. — The eyelids remain open -through the unbalanced action of the levator palpebrss 
Bnperioris. The tears run down the face through paralysis of the tensor tarsi muscle k 
displacement of tho puncta lachrymalia; conjanctivitis and corneitis set in, and the sight 
becomes impaired, though much less extensively than after division of tho fifth nerve. 

2. — Hearing is impaired - through paralysis of the muscles of the tympanum. Some- 
times abnormal sensibility to sounds is observed. 

3. — Smell is impaired ^throtigh. paralysis of the dilators k compressors of the nostrils, 
and consequent inability to direct a brisk current of air towards the uppar or olfac.ory part 
of the nasal fosses. 

4. '-^ Taste is impaired -prdb&blj through paralysis of the lingualis muscle. - Some 
physiologists attribute the gustatory properties of the chorda tympani to sensory fibres 
running in the course of the motor ones; others attribute it to an influence over the circulation 
k secretion of the tongue similar to that which the nerve exerts in the submaxillary gland. 

6. — The paralysed side of the face is motionless and ituxpressvue. The nostril is flattened 
k collapsed. The eye has a staring, vacant appearance, mainly due to the hanging down of 
the lower lid below the level of the cornea. The an^ of the mouth is depressed, and the lips 
cannot be broutrht together ; hence the labial consonants are but imperfectly pronounced, 
the saliva tends to escape, a difficulty is experienced in drinking, and, in eating, the food 
lodges between the gams and the cheek. The mouth, as a whole, is drawn towards the opposite 
side when the muscles contract. - The soft palate is paralysed when the injury is deeply 
seated. « 

When the injury is situated above the nucleus of origin of the facial nerve, both tho 
facial paralysis, and the hemiplegia wliich usually accompanies it, affect the side opposite the 
injury. (The fibres of the facial nerve decussate at their origin on the floor of the 4th ventricle, 
the motor tract to the body generally decussates in the anterior pyramids). When the 
injury is situated in the mesocephalon, t. e, just below tho nucleus, and when it therefore 
affects the facial nerve beyond its decussation, the facial paralysis is on the side of the injury, 
and the hemiplegia on the opposite side. The decussation of the facial nerve is, however^ 
incomplete, for in fadal paralysis on the side opposite the injury the eyelids remftiii 
affected (Ynlpian)* 
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PNEUMOGASTRIC NERVE -1st Tablet. 



The pnemnogastrio is both sensory <S?» motcr from iti orlgixL 

SENSORY. - Irritation of its roots gives rise to eyident mantfestatioiis of pain* 
Its settsihility is but slight, however, and, nnder normal conditions, we are 
usnally nnconscions of the impressions it conveys ; these impressions give rise^ 
nevertheless, £o important rfJUx actions. 

MOTOR, - It contains motor fibres of its own, in addition to those which it 
derives from tJu spinal accessory, and probably also from the facial, hypo- 
glossal & two first cervical. These motor fibres proper to the pnenmogastric 
supply .the larynx, pharynx, & cnsophagnis (as do also the motor fibres which 
the pnenmogastric derives from the spinal accessory) j and they may be called 
into play either directly, - through irritation of the roots of the nerve 
(Chauvean, Bernard, Vulpian), or reflexly throngh irritation of the afferent 
fibres of the the spinal accessory (Tan Kcmpen & Thiemesse). - Longet 
believed the pnenmogastric nerve to be entirely sensory; 

It bears great analogy to the sympathetic, partly through its frequent anastomoses with that 
nerve, partly through the fibres it derives from its own ganglia. 

Its branches must be examined separately, as the endowments of the parent tronk aro reiy 
differently distributed among them* 
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PNEUMOQASTRIC NERVE.-2nd Tablet. 



These branches are : • 

AoriCOlar - Common sensory nerYe to integament of back of pinna ; joins both with trunk & wHh 
anricnlar branch of facial. 

FharyBgeal - Principal motor nerve of pharynx <Sr* soft palate. Convoys the reflex motor 
impulses for the second k third acts of deglutition. - The motor fibres of this nerve are derived 
to a gn^at extent from the spinal accessory. 

Superior LarjrXlJS^M " Mainly sensory: but contains a few motor fibres for the arytsBnoid & 
crioo-thyroid7 which fibres are partly derived from the spinal accessory. - To this nerve is 
due the ^rtieularly acute sensibility of the interior of the larynx^ through which sensibility 
foreign Bodies are prevented from entering the air-passages, or, if they enter, are 
rapidly expelled therefrom by a violent fit of coughing. - Its stimulation inhibits inspiration 
(Waller k Provost), and so does also the contact of the food with the base of the tongue at 
the end of the first act of deglutition. When it is divided a part of the food penetrates into 
the air-passages. 

Inferior or Recurrent Laryn^al - Xs chiefly^ a motor nerve, its motor fibres being partly 
derived from thq spinal accessory. It supplies all the muscles of the larynx except the 
crico'thyroid, and controls the glottis both as regards its dilatation or closure, and the relaxa- 
tion or tension of the vocal cords. When it is divided, or when the trunk of the pneumo- 
gastric is divided in the nock, the glottis becomes passively narrowed in inspiration and 
passively dilated in expiration, instead of being, as it normally is, actively dilated in inspira- 
tion k passively narrowed in expiration. Adult animals merely lose their voice after 
operation, or are, usually at least, but slightly inconvenienced ; young animals, whose laryn- 
geal cartilages are more flexible, are immediately suffocated through complete closure of the 
glottis. 

Cardiac - ^he Cardio-inhibitory nerve connects the extra- k intra-cardiao inhibitory centres, and 
conveys a stimulating influence,— inhibitory as regards the heart, — from the former to the 
latter. Through this nerve, therefore, the vagal inhibitory centre contained in the medulla, 
strengthens the controlling influence of the inhibitory ganglia of Ludwig over the cardio- 
motor ganglia of Remak k Bidder : - If this nerve be divided, or if the trunk of the pneumo- 
gastrio be divided in the neck, the heart beats with greater frequency k strength ; if either 
nerve be irritated, or if, after division, the peripheral segment of either nerve bo irritated, 
the action of the heart will be, within about one-sixth of a second, and according to the 
strength of the stimulus, either slackened k weakened (though ampliated), or for a time 
entirely arrested in diastole. 

The Depressor or Vaso4nhibitQry nerve conveys sens<ny impressions from the 
heart both to the vagal or extra-cardiac inhibitory centre, and also to the vaso-inhibitory 
oentre. If it be irritated, the action of the heart is first slackened, and then sometimes 
slightly accelerated: -^frst slackened through irritation of the vagal centre, from whence an 
inhibitory influence is conveyed to the heart through the pneumogastrio and cardio-inhibitory 
nerves; - then slightly accelerated through irritation of the vaso-inhibitory centre, irritation of 
which centre induces dilatation of all the arteries of the body, diminution of the blood-pressure, 
diminished supply of blood to tho medulla, and consequently diminished activity of the 
previously excited vagal centre, and also, doubtless, of the intra-cardiac inhibitory centre. 
(Vide Influence of the Nervous System over the Action of the Heart, 2nd Tablet.) 

Pulmonary ~ ^^ pulmonary plexuses are, with the trunk of the pneumogastrio, the principal 
conanctors of the impression of the ttecessity of breathing* ^ When both pneumogastrio 
nerves are oivided respiration becomes much less frequent, without, however, any sense of 
suffocation being induced; inspiration is deep k prolonged, expiration is sudden k con- 
vulsed (Dalton). After death the lungs are found gorged with blood, dark, heavy, k non- 
orepitant; and the bronchi aro filled with frothy fluid mixed with blood, mucus, and 
particles of food. Tho operation docs not appear, however, to modify greatly the total quantity 
of air breathed. -Forcible inspirations may be induced by irritation of the central extremity 
of the divided nerve ; the diaphragm may even be tetanised if the stimulation is sufficiently 
powerful. 

QBsOpliaSeal " Division of tho pneumogastrio nerves destroys both the sensibility k the motor 
power of the cseophagus ; the fooid then accumulates in the lower part of the canal, and 
finds its way into the stomach but slowly and only through the effects of pressure from above. 

GhtStriO " ^h® same operation arrests the peristaltic movements of the stomach ; and greatly 
retards the secretion of gastric juice, though it does not entirely arrest it : - Small quanti- 
ties of food may still be digested (Longet) ; larger masses are only superficially affected 
(Bernard). The digestive function ia partly or wholly restored, if the animal survives the 
operatiifn (Schiff)* 
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LIMQUAL & GLOSSO-PHABYNGEAL NERVES. 



Both nerrei convey bath common &» guiUUory sensibiJiiy to the tongae, <- the former nenre to ths 
anterior two-thirds of the organ (part in front of the oircQmrallate papillie), the latter to tha 
posterior third (oircnmTallate papillse k part behind them), and also to the aides. 

The gustatory Junction of these nerves is probably restricted to a portion of their ^es^ and doe 
mainlj to the influence of the papillas in which these fibres terminate : - In paralysis of the 
6th nerve either the common sensibility alone or the gustatory sensibility alone may be lost 
In the anterior portion of the tongue, the other kind of sensibility being retained. - It may 
be added that these nerves do not present the character of nerves of special sense : contrary 
to what happens in the case of the other nerves of special sense, their irritation oalls forth 
indications of pain. 

Hie gustatory nerve supplies a high degree of common sensibiiiiy to the more movable portion of the 
tongue, the special functions of which portion are to bring the food again & again within the 
grip of the teeth, to decide when It is sufficiently maeticated, and finally to form it into • 
bolus; •» common sensibility is more acute at the tip of the tongue than in any other part of 
the body. 

The glosso^pharyngeal nerve supplies but a small degree ofccmmon sensibility to the posterior 6f* lets 
movable portion of the tongue (and also to the mucous membrane of the fauces). - The common 
sensibility of the base of the tongue k fauces is reflexly connected with deglutition, vomiting, & 
respiration: - Deglutition ensues in response to the momentary application of the usual siimn* 
lus, f>., the olimentary bolus ; vomiting ensues in response to the prolonged application of 
any unusual stimulus; inspiration is inhibited during deglutition (probably through a sensory 
impression conveyed through the superior laryngeal branch of the vagus, which branch 
sends a few filamerits *to the mucous membrane of the base of the tongue) ; an inspiratory 
movement precedes, and a contraction of the expiratory muscles induces, the act of 
vomiting. 

The gustatory sensibility which the glosso-pharyngeal nerve supplies to the same parts is called 
into activity at the close of the first act of deglutition, when the bolus, pressed between the soffc 
palate & the base of the tongue, glides backwards to the pharynx, and escapes from nnder 
tte control of the will; - this part of the tongue is the scat of the aftertaste* 

The gustatory nerve is purely sensory. The glosso'pharyngeal nerve is purely sensory at its origuu 
Irritation of its roots do3s not give rise to any muscular contractions (Longet), except re* 
flexly (Reid). Its communications with the facial & pneumogastrio nerves (the communica- 
tion with 1 10 latter nerve being derived, partly or wholly, from the spinal accessory) soob 
transform it, however, into a mixed nerve, whose motor fibres supply some of those mnaole% 
which the afferent fibres of the same nerve call reflexly into play, f>.| the stylo'glosmi ^ 
•pharptgetfSf digastric, and superior &* middle constrictors (Eeid). 
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SPINAL ACCESSORY NEHVE. 



ts a nioior nerve closely assooiated with the pneamogastrio, both anatoaiically & fanctionally. 

It gives motor fibres to that nerve, and receives sensory fibres from it. Its trank is therefore both 
sensory k motor, so lottg as it is connected with an undivided pt^umogasiric^ motor only if 
the roots of the pnenmogastrio be severed (Bernard). Hence the explanation of the experi- 
ments of Van Eempcn h Thiernesse : - If the roots either of the spinal accessory or of the 
pneamogastrio be irritatecl, reflex movements ensne in the pharynx, larynx & CBSophagos, 
and, in addition, if the roots of the spinal accessory be irritated, in the stemo-mastoid & 
trapezius. If, now, the roots of the pneamogastrio be divided, and ii^tation be again applied 
to the spinal accessory, no movements will bo observed this time, except in the sterno-mastoid 
k the trapezius. 

The experiments & views of Bernard on the special functions of this nerve are full of interest, 
though they cannot perhaps be received in their entirety. They may be Bummarised as 
follows !- * 

<' The spinal accessory nerve presides over the vocal functions both of the larjmx h 
" thorax : by its inner or accessory portion, over those of the larynx; by its outer or spinal 
<* portion, over those of the thorax." 

" Its inner or accessory portion supplies those muscles of the larynx, Which dose the 
"glottis and tense the vocal cords, and which are therefore called into play When sound is 
"emitted: -After division of this portion of the nerve the voice is lost, but, contrary to what 
** happens after division of the pneuraogastrio or recurrent laryngeal, respiration is unaffected." 

" Its external or spinal portion induces in the stemo-mastoid & trapezius an action 
" antagonistic to that of the expiratory muscles : - For vocal purposes expiration must be 
" sustained during the whole length of the sound, or succession of connected sounds, which 
** it is desired to emit ; a great point with the orator & and the singer is the careful manage- 
" ment of his " wind," which must be saved, and be made to last till a pause is reached. 
" This is done through the sterno-mastoid & trapezius, as called into play by the spinal 
"accessory. After division of the external branch of this nerve the. voice is confined to the 
" duration of an ordinary expiration and the vocal sound dies off in a kind of sentimental 
"whine as the end of the expiratory movement approaches; it cannot be prolonged into a 
" normal cry." 

" Closely connected with phonaiion is ihe phenomenon of effort, also dependent upon 
" the integrity of the spinal accessory : The iriternal division of this nerve closes the glottis ; 
" its external division assists in steadying the thorax. Respiration is not visibly affected by 
" division (or evulsion) of the nerve so long as. the animal is at rest, but during any exertion, 
" such as running, or leaping, a want of harmony immediately appears between the respi- 
** ratory movements k those of the limbs, and resalls in shortness of breath." 

" The special influence of the spinal accessory nerve over the sterno-mastoid h trapeziufl 
" does not prevent the ordinary action of these muscles under the influence of tbo oervioal 
« nerves, which supply them with common motor fibres,'* 
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HYPOaLOSSAIi NEB7E. 



2$ dnefiy^ if not eniirely^ moiotfram Hsorism; imiation of its rooU giroB rifle to no maiiife0« 
tationfl of pain (Longet). OittsUe the cranium it becomes both sensory ^ motor^ its aenflihility 
being probably dae to its anastomoses with the pnenmogastrio, sympathetio, loop between 
the two first cenrioal h gnstatoiy. Its deg^ree of sensibility varies, however, in different 
animals. In the ox, cat, & rabbit it has a distinct sensory root presenting a ganglion. 

It supplies the muscles of the tongue^ the depressor muscles of the larynx (throngh its descending 
branch, which is said by some to be derived from the 1st & 2nd QarneeX^^cmd the thyrO' 6* 
genio'hyoid. When it is irritated the tongue is convolsed ; when it is divided on both sides 
th» tongue hangs down as a helpless mass, and is liable to be caught between the teeth; 
the sensibility of the organ is not affected by the operation. 

The motor power which this nerve commnnicatos to the tongue is essential to articulation^ masii* 
cation^ & the first act of deglutition i - The tongue takes part in the pronunciation of nearly all 
the vowels, and of all the consonants, except the labials (3, m, /), & labio-dentals {f v). It 
brings the successive portions of food between the teeth. After mastication it carries them 
backward into the pharynx. 

Agreeably with the statements of Henle, who describes the hypoglossal nerve, as arising in 
part from the corpus dentatum of the olivary body, it would appear, on pathological g^nrands, 
that this nerve has two distinct connections with the nerve-centres x - In cases of paralysis, 
the power of articulate speech may be impaired or lost without the masticatory more- 
ments of the tongue being affected ; though more rarely, the converse may also be observed 
(Carpenter). - In i>araly8is of this nerve the tongue is nsnally protruded towards the palsied 
■ideb 



FUNCTIONS OF THE SYMPATHETIC NERVE. 
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SYMPATHETIC NERVE. -1st Tablet. 



Kay be considered witb respect to tbe condttcihn of sensory impressions k of invoiu$ttary cr 
reflex motor impulses^ and with respect to the reflex actions of the second^ Mrd^ mid 
fourth classes. 

Conduction of Sensory Impressions - is hut imperfectly effected through the sym^ 
pathetic system^ through -which, in the healthy condition, mme but intense 6* prolonged 
impressions are perceived: the yiscera are not felt, except when diseased. For manifes- 
tations of pain to be elicited through the sympathetic, either caustics or the actual 
cautery should be applied to the splanchnic nerves or to the semilunar ganglia. — This 
imperfect conduction of sensory impression is doubtless due to the obstacle to transmission 
presented by the ganglia^ in which the sensory impressions may be supposed to be diifnsed 
among the nerre cells, and thus to become exhausted before they reach the spinal oordL 

Conduction of Involuntary or Reflex Motor Impulses - is equally imperfect 

as regards rapiditym But the esential characteristics of the movements excited through 
the sympathetic are that they are orderly 6t* in every way like the natural movements^ that 
they are induced but slowly, and that the parts continue to act for a certain time after the 
stimulus has been removed, even though they be separated from the cerebro-spinaft 
axis or wholly removed from the body : irritation of the nerves of the stomach & intestine 
gives rise to the normal vermicular or peristaltio movements of these parts ; all are 
acquainted with the apparently independent action of the heart. - This is donbtlesi 
due to the action of the visceral or parenchymatous ganglia* 
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SYMPATHETIC NERVB.~2nd Tablet. 



Befleic Actions of tlie SecQnd, Third; & FQurth Classes - (vide ciassifioatioti of Beflax 

Actions, page 84], 



In these classes, sympathetio ner^e-fibres form the afferent or sensory nerve, or the efferent or 
motor nenre, or both, respectively as follows : - 

Bkflex Actions of the Sko Glass - The afferent or sensory nerve in the case of the 
mechanical thoraco-abdominal functions, i.e., Muscular contractions in breathings cougkingt 
vomitingf etc. 

Beflex Actioks of the 3rd CiiASS <- The efferent or motor nerve in the case of the 
vaso-motor reflex actions, which govern the nntrition & the secretions of the body 
generally. 

Beflex Actions of tub 4th Class - Both afferent ^ efferent nerves in the case of 
the reflex moyements of the thoraco-abdominal viscera, and in the case of the vaso-motor 
reflex actions which govern the nntrition & the secretions of these viscera. 

Division of the cervical cord of the sympathetic^ or excision of the superior oervical 
ganglion, induces dilatatiott of the vessels of the corresponding side of the head and neck^ and, 
through freer flow of blood through the capillaries, stimulation of the vital properties of 
all the tissues. Thus, after the operation, the cheek becomes flushed, hot, covered with 
perspiration, and the growth of the hair is accelerated. The cutaneous sensibility, and 
that of the organs of the senses, is increased : the pupil contracts, the eyelids close, 
the tears flow ; the muscles respond more readily to any irritation. Bapid cell growth 
leads to general hypertrophy, and to increased tolerance of injury, or, if a wound 
have been inflicted, to more rapid healing. Stimulation of the sympathetic^ or of its upper 
cut extremity, reverses the phenomena* - Similar effects may be induced in any part of 
the body. 
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SYMPATHETIC NERVE.— 3rd Tablet. 



To the doofcrina of Taao-moior reflex aotlon, as ifc is generally reoeired, hare recently been ftddoA 
both the rival theoriea of ac/we arteriaJ dUcUation (SchifiE), h of arterial peristaltic action 
(LegproB h Onimns), and that of the nntritive k seoretory inflaenoe of certain trophic (Samnel) 
& excitO'Secretory nerves (Lndwig), whioh nerves are said to arise in the ganglia on the poster- 
ior roots of the spinal nerves and to ran oentrifngally with the fibres of these nerves. — 

Thns the '* passive or neuro-faralytic hyperatnia " above described may be snrpasaed in 
degree, it is said, by the "active hyperemia " resnlting from the direct irritation of oertain 
efferent nerves ; and the erection of the penis through irritation of the nervi eri^nies, the 
increased vascalarity of the submazillary gland through irritation of the chorda tjmpani, 
and the phenomenon of blushing, are given as cases in point. 

The admission of the active dilatation of arteries involves, however, the view, either that 
the arteries contain longitudinal muscular fibres, which is contrary to evidence, or else that 
muscular fibres can elongate forcibly. 

Vermiadar or peristaltic action of the arteries has been observed, it is said, in the 
annelida & the web of the frog's foot, and even occasionally in the human eye; and snch peris- 
taltio action may always be induced, it is added, by slight stimolation of those same nerves, 
who^e more intense irritation produces tetanic contraction. 

The admission of throe conditions or modes of action of arteries — ^the intermediate 
condition, in which the elasticity of the arterial walls comes mainly into play ; the state of 
moderate stimulation, leading to peristaltic action h hyperasmia; and the state of more 
intense stimulation, loading to tetanic contraction & ansemia^-would better explain the 
flftoceeding extremes of vascularity, - as when the pallor of rage or terror follows upon the 
flush of a more moderate emotion, - than the two conditions hitherto believed in. 

Samuel's trophic nerves are not shewn to be distinct from the vaso-motors by the fact that 
irritation of the superior laryngeal, vagus, or sciatic, induces laryngitis, pneumonia, or 
inflammatory swelling of the lower limb ; neither do other experimental facts supply any 
further proof of their special character : - Muscles paralysed by the division of their nerves 
do not lose their normal structure if kept in a state of activity by occasional electric stimn* 
lation ; and the inflammation k destruction of the cornea k eyeball consequent upon din- 
sion of the 5th nerve appear to be due to loss of sensibility of the eye k eyelids, leading to 
dryness of the parts k to the entrance of foreign bodies', rather than to the suppression of 
any nutritive influence, either of the 5th nerve or of the sympathetic. In the lower animals, 
and in the lowly organised tissues of the higher animals, nutrition is influenoed but very 
indirectly through the nervous system. 

The existence of exciio-secrclory tterves seems to be better established by the flow of salirs 
induced by irritation of the chorda tympani, or of either the auric nlo> temporal, gusta- 
tory, or glosso.pharyngeal nerve a/ler t/te ciradation through the gland has been arrested 
(Ludwig). It would appear therefore that the supply of blood to a gland is, to a certain 
extent, subordinate, as regards secretion, to the change produced in the gland.oell8 them- 
selves through the direct influence of the glandular nerves ; though an abundant supply of 
blood is, of course, necessary to fum'sh the materials for any copious discharge. 

(For Action of the Sympathetic on the Iris, Vide Medulla Oblongata, 2nd Tablet). 



THE SENSES. 
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THE EYE 



Is a complete oamera presenting t- 

Dirk Chamber, - Lined by choroid ; 
Refrcuiing Surfaces, - Cornea, lens | 
Media, - Aqneons, vitreons j 
Diaphragtn, - Iris ; 

Screen, - Betina, destined to receive inyerted images of external objeois, wbidi 
images are seen on romoyal of a small portion of the sclerotic & choroid from back of eye. 

The anterior & posterior surfaces of the cornea being rery nearly parallel to eaoh other, 
and the refractive power of the cornea being moreover very nearly the same as that of the 
aqneons hnmonr, the slight refraction at the posterior surface of the oomea is neglected in the 
« diagrammatic eye." The refractive power of the vitreons hnmour is very nearl jit the same as 
that of the aqneons. The refractive power of the lena is somewhat greater in its central than 
in its peripheral porUons, 



SSmxnetropia, Myopia^ Hypermetropia, Presbyopia. 

la the nomtal or emmetropic eye, the far limit of accommodation is at an infinite distance, and 
the near Bmit is at about 10 or 12 cm. No accommodation is required for distant objects, and tha 
range of distinct vision is very great. 

In the myopic or short 'sigJitcd eye, both the far limit & the near limit are brought nearer the 
eye. The near limit is at 5 or 6 cm., the far limit at a variable but not very great distance. 

lu the hypemietropic, or originally long-sighted eye, both the far limit h the near limit are 
removed from the eye ; or, more correctly, the near limit is removed to a variable distance, and 
the far limit is so far removed that it no longer exist?. 

In the presbyopic eye, or long-sighted eye of old feo/>!e, the near limit is removed from the eya^ 
while the far limit is (or may be) unaffected. 

Both myopia and hyper metropia are the results of /^r/rW mechanism ; the defect lying eith^ 
in the antero-posterior diameter of the eye being too long (myopia) or too short (presbyopia), cr 
in the focusing power of the lens being too great (myopia), or too little (presbyopia), or in both 
conditions combined. The myopic eye is too long in its antero-posterior diameter, or its lens 
is too thick ; parallel rays are therefore brought to a focus in front of the retina. The hypenn> 
tropic eye is too short in its antero-posterior diameter, or its lens is too flat ; parallel rays tend 
therefore to converge behind the retina. The myopic eye can, without any effort, sec near 
objects, and, with an effort, very near objects ; it cannot see distant objects. The hypermetropic 
eye must make some effort to see even distant objects, and a great effort to see near objects \ no 
effort whatever can adapt it to see very near objects. 

Presbyopia is the result of diminished power of adaptation or of impaired mechanism^ dat 
^ther to increased density of the lens, or to weakening of the ciliary mnsolCi 
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Boheiner'8 Ezperfment Demoxifttrating the Acoommodation of the Eye. 

Take a card, and priok two pin-holes near to each other (the distance between them being 

less than the diameter of the pnpil). Through these pin-holes look at two pins' heads placed one 

before the other. If the attention be fixed npon the nearer one, the farther one will be seen 

doable A blurred, and vice versa. 

Farther, if, while the farther pin's head Is seen doable, the right-hand hole be blocked ap, the right-hand 
fmage of the fitfther pin's head will disappear. If, while the nearer pin's head is seen double, the right-hand hole 
bo blocked np. the left-hand Image of the nearer pin's head will disappear, and vke vena. 

Experiments of Parkisje ft Hehxiholtz demonstrating the Dioptric Phenomena 

of Accommodation. 

If a light be held before the eye, three reflected images of the flame will be seen by a 
by-stander, one large bright A saperficial, reflected from the anterior sarf^wse of the cornea; one 
■mailer, deeper & less bright, reflected from the anterior surface of the lens; one smaller, 
deeper still & inverted, reflected from the posterior surface of the lens. 

If these images be carefully watched while the eye experimented upon is alternately 
accommodated for distant and for near objects, the image reflected from the anterior surface of 
the lens will be found to vary in size & position ; the other images, on the contrary, will no^ 
vary. During accommodation for near objects, the image reflected from the anterior surface o^ 
the lens becomes smaller A more superficial, showing that the anterior surface of the lens moves 
forward, and becomes more convex; during accommodation for distant objects, the image on the 
anterior surface of the lens sinks deeper into the eye, and becomes larger, showing that the 
anterior snrfaoe of the lens moves backwards and becomes less convex* 



Mechanism of Accommodation for Near Objects. 

1.- Through the ciliary muscle drawing forward the choroid -& ciliary processes, and thus 
relaxing the suspensory ligament of the lens, the latter bulges forward by virtue of its elasticity, 
and the convexity of its anterior surface becomes increased. 

2. - The pupil contracts, so as to out off the more divergent rays from the less refracting 
peripheral portion of the lens. 

Accommodation for distant objects \s merely a passive return to the state of rest. 

It was believed for a long time that the mechanism of accommodation consisted in the 
movement of the lens alternately backwards & forwards, and in the alternate shorteoing k 
lengthening of the axis of the eye by the action of the straight & oblique musclei. The circum- 
stance that, in the above experiments, the images on the posterior surface of the lens & anterior 
snrfaoe of the cornea are not affected, contradicts these theories — the first one, directly, — tho 
second one indirectly, for any change in the shape of the eye-ball would necessarily affect the 
curve of the oornea, and consequently the image reflected from its surface. Besides, pressure 
npon the eye-ball would act injuriously by rendering the retina ansemio & consequently less 
sensitive. 



114 



Moyementfl of the Fapil. 

The pupil contracts when the retina )or the optic nerre is stimnlated (as when light falls on 
the retina), when the eye is turned inwards and accommodated for near objects, nnder the inflnence 
of calabar bean, etc. The pnpil dilates when the stimulation of the retina or optio nerre is 
arrested or diminished (as when light ceases to fall on the retina), when the eye is aooommodated 
for distant objects, under the influence of atropin, etc. 

The contraction k dilatation are produced by the circular & radiating fibres of the iris, and 
also to some extent, perhaps, by yariations in the yaecnlar condition of the organ. 

These movements are goyemed by reflex action, as follows : - The afferent nerre is the 
optic nerye. For contraction, the efferent or motor nenre is the third or motor oculi arising 
from a centre in the corpora quadrigemxna. For dilatation, the motor nerye is the ceryical 
sympathetic arising from the oilio-spinal centres in the medulla A the upper part of the spinal 
oord. 

It appears probable that these neryes act on the muscular fibres, not directly, but indirectlj- 
through the ganglion-oells in the choroid db the iris. This is shown by the facts that, after the 
third nerye has been dlyided and the pupil has dilated under the influence of the sympathetic^ 
Jurther dilatation may be induced by the action of atropin; and that^ after the sympathetic 
. nerve has been dirided, and the pupil has contracted under the influence of the third nerro, 
further contraction may be induced by the action of calabar bean« In these oasos, the atropin 
and the calabar bean must act upon some local mechanism, probably the ganglion-cells above 
mentioned ; and, if that be admitted, it must further be admitted that the nenres themselyes ac& 
through the same local mechanism. 

The two centres for the contraction of the pupils are oo-ordinated, and aot tcgetiier; 
irritation of one retina induces contraction of both pupils. 

Some of those fibres of the sympathetic which act upon the pupil j<nn the Qasserian gangtioa, 
and run in the course of the ophthalmic division of the 5th, the nasal, & the long ciliary nerres: 
division of the 5th nerve causes contraction of the pupil, irritation of the periphenbl portion of 
the divided nerve causes dilatation. Other fibres reach the eye through the cayemoos plexus, (k« 
lenticular ganglion, and the short ciliary nerves* 
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Tbe Retinal 



The sensiiive layer of the retina, u ^., the layer in which the impressions of light orif^inate, 
is the layer of the rods A cones. This is shown by the calculations of H. Kiiller based npon 
Pnrkinje's experiment of the Tuiscular tree: The yessels of the retina (the branches of the arteria 
centralis retinsD & the corresponding veins) lie at first npon the anterior layers of the retina, 
through which layers they project their shadow upon the posterior ones. It is only the force of 
habit that preTOnts us, under ordinary circumstances, from perceiving this shadow, for if, while 
the eye is looking into the dark, a ray of light be made to fall very obliquely upon the retina 
(either by transmission through the coats of the eye, or after reflection on the inner surface of 
these ooats), the shadow will immediately appear ; and if now the laminous body be displaced, 
the shadow will be found to move accordingly. 

According to Schultze, the cones are affected by differenoos of colour, and the rods by 
differences of brilliancy, or intensity of light. 

The region of distinct vision is limited to the macula luiea, or perhaps even to ^efauta 
centralis. From this point the sensibility of the retina diminishes rapidly, though irregularly in 
different directions; the area of " indistinct vision " varies considerably in extent in different 
individuals. - The object of the movements of the eye-ball is to bring the images of the objects 
obseryed upon the macula lutea. The optic disc or " blind spot" is afaoost insensible, . 

In binocular vision, singleness of perception depends on the two images of the same object 
falling upon corresponding parts of the two retinsD. The upper halves of the two retinae 
correspond to one another, and so do also the lower halves; the inner half of one retina 
corresponds to the outer half of the other, A vice versa. - The two blind spots not being corres- 
ponding parts, each eye supplies that part of the field of vision which is wanting in the other. 

We judg^ of the distance of an object partly by the effort necessary on the part of the 
muscles of the orbit to bring the axes of the two eyes to converge upon it, and partly by the 
effort necessary on the part of the ciliary muscle to bring its image to a f ocas upon the retina. 

By the same means do we judge of solidity or shape ; our discrimination being aided by the 
slight differenoe between the images perceived by the two eyes. 

Our appreciation of the size of an object is based partly on its apparent size, i. ^., the angle 
it subtends, and partly upon its supposed distance. 

A transitory stimulus may produce a visual impression of greater duration than itself ; 
hence the phenomena of after»ima^s^ positive^ A negative. 

One image may react more or less on another ; hence the phenomena of irradiation ft contrast. 

Though the most admirable of all optical instmments, since alone it possesses the power 
of self -adaptation to distances, the eye frequently presents slight imperfectionS| such as spherical 
6r» chromatic aberrations etti^matism^ etc. 
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HEABINO. 



Sonoroas vibra'ions being iransmiiied with difflonli/ from the air to solidi & liqntdt, 
the anditorj apparatas is supplied to ittcrease our power of heariog. Sonorons wares oan, 
howerer, reach the audtto-j nerre through the bones of the skull. 



The Ctonoha. 



The large k morable oonoha of the mammalia generally lenres to eolleot the wares of 
aonndy and to direot them towards the tympanum; the small 4 fixed human pinna is of relatiTely 
little use. 



The Membrana Tympani. 

Of all solids, those that are most easily set to ribrate under the xnfluenoe of aerial waTsii, 
and which are the best conductors of sound, are those which have one diameter very mooh 
greater or rery much smaller than the others, or rery great as compared to the length of tha 
sound wares, e, ^., tensed cords ft membranes. 

The membrana tympani, through being slightly depressed in the centre, is especially 
susceptible to sonoroui ribrations reaching it through the auditory meatus. It has also tha 
peculiar advantage of having no note of its own, and therefore of being able to answer to vibra- 
tions of rery different ware-lengths. Its degree of tension, and therefore its power to ribrate, is 
further increased or diminshed by the action (reflex) of its tensor ft laxator mosoles. (Tha 
latter is oonsidered by some to be merely a ligament,) 

The Auditory Ossioles* 

These transmit the ribrations of the membrana tympani to the membrane of the fenestra 
oralis (annular ligament) with increased intensity but diminished amplitude, for they form together 
a compound lerer of which the long arm — manubrium of the malleus, whioh reoeires the ribra- 
tions of the tympanic membrane— is twice as long as the short one — ^long process of the incn^ 
whioh acts in its turn upon the stapes. • The fulcrum, or axis round which this lerer rotates, ii 
an imaginary line passing through the processus gracilis ft head of the malleus, and tlie body k 
short process of the incus, to the point of attachment of the latter process to the posterior wall 
of the tympanum. 

The ossicles cannot be oonsidered as perfect conductors, for, on the one hand, they are 
somewhat loosely articulated together, and, on the other, neither of their diameters is reiy much 
greater or rery much smaller than the others, or rery great as compared to the length of tha 
sound-waves. 

The other medium of conduction of sonorous wares through the tympanum is the air 
which that cavity contains, which air is maintained in equilibrium of pressure with the external 
air by means of the Eustachian iu*e. The Eustachian tube serves further for the exit of mucos; 
it is opened during the seoond act of deglutition, but is probably dosed at other times 
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The Labyrintli. 



The flonorons wares trauimUted to the perilymph by the membrane of the fenotlra oralU 
iraTerse the Testibale to reach, on the one hand, the Bemioironlar oanali, and on the other, the 
ooohlea. In the Teetibnle A aemiotroolar oaniJa, they are transmitted to the membranona 
labyrinth A to the endolymph which it contains, and are supposed to throw the anditory hairs 
into vibra^on ;* the otoliths are supposed to intensify the ribrations. In the ooohlea, the warrs 
inn np the eoala vestibnli to the onpola, and then descend the scala tympani, and end in impulses 
against the membrane of the fenestra rotunda. - The stapedius muscle is supposed to reru-at3 
the moTements of the stapes, and to prevent its beiufp driven too far into the restibule rhrou^h 
any sudden displacement of the membrana tympani. It draws the stapes baok«var is- in ^o 
doing, it presses the back part of the stapes into the fenestra oralis and withdraws the front part, 
and, perhaps, gives rise to a ware. 

• It must not be forgotten that the lemidrenUr osnsls hare duties spsrt from eonsdons hasiing. - Tide 
"Onldlng Sensationi," or M XsUet on S«fl«z Action. 



Organ of Ooiil. 



It seems probable that the Organ of Oorti is in some Way oonneoted with the appreoiatiott 
of the number and ifelative pMminenoe of the sereral tones A orertOnes, which enter into the 
oompoaition of almost erery sound i and the long series of tho rods, raryiog regularly as they do 
both in length and in span of arch from one end of the organ to the other, is saggestire of the 
hypothesis that each pair responds to ribrations of a specific ware-length, as do the strings of a 
piano or harp. These rods would thus effect the analysis of complex sounds. In opposition to 
this theory stands, however, the fact that the rariations in length of the rods appear too litt!e 
to allow them to answer, as do the ords of a musical instrument, to all the sounds that we hear; 
moreorer the rods are absent in birds. On the other hand, the basilar membrane is tense 
radially but loose longitudinally, i. /., in the direction of the length of the spiral canaL It may 
therefore be considered to consist of a number of strings radiating from the lamina spiralis 
ossea to the outer wall of the spiral canab These strings rary in length much more than the 
rods of Corti ; and it is further possible that they may be more or less tensed by the action of the 
muscular fibres described by Todd A Bowman in the ligamentum spirale. It is with some show 
of reason, therefore, that Hensen suggests that this basilar membrane might supply the 




to giro rise to the corresponding impression of sonnd. 



Musical sounds are due to periodical ribrations. Noises are dne to ribrations which are not 
periodical, or the periodicity of which is too complex to be easily appreciated. 

The loudness of a sound depends upon the amplitude of the ribrations which cause it. The 
^tch depends upon the ware-length of the ribrations, or upon the number of ribrations per 
■eoond. 

The qua-ily of a sound depends on the number and relatire prominence of the orertone<« 
which accompany the fufkdamental tone. These orertones rary greatly from one instrument to 
another, tho same note bemg struck in both instruments. 

The range of ordinary appreciation of musical sounds lies between about 40 and alxmt 4(K)0 
ribrations per second. Host persons can recognise the lowest base (88 ribrations) and the 
highest treble C (43S4 ribrations). The impression produced by ribrations below 80 in number 
may be felt, if the ribrations are sufficiently powerful, but it cannot be heard. Many persons 
can hear sounds produced by as many as 10000 ribrations per second, and some can hear sounds 
produced by as many as 38000 ribrations; but such souudS| when audible, cannot bo distinguished 
with any degree of accuracy. 

When instruments not quite in tune are sounded together, the interference of the ribrations 
produces an alternating rise A fall of the sound known as " beats." When the beats are as 
many as about 180 per second they become fused, and cease to be recognised | but just before 
they disappear they gire a peculiar roughness to the sound. 
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SMELL & TASTE. 



SMELL 

Appears to originate in the oontaotof odoriferous partiolea with the qpindle^fthaped olfaoiory 
oells described bj Max Schnltse (Vide Tablets of Anatomy). 

It appears necessarj that the vehicle of these odorif erons particles shoold be a gaaeoiu 
medium : When the nostril is filled with rose-water, the odour of roses is not peroeiTed. 

The sensation takes some time to develop, and when developed, lasts a ooMJdtfrable time. 
Stimulations, when too often repeated, fail, however, to awake the sensation. 

Sensations other than sensations of smell may also be perceived through the nose : Pungent 
substances, such as ammonia, giTe rise to sensations essentially different. These two kinds of 
sensations are conveyed by different nerves, the former by the olfactory nerve^ the latter by the 
fifth : - After division of the olfactory nerve, animals are still affected by ammonia (Kagendie) ; 
but they have lost the special sense of smell (Biffi). - It should be added that smell may be 
impaired by division either of the fifth nerve, or of the facial; after the division of the fifth 
nerve, the impairment is, due to imperfect nutrition of the Schneiderian membrane (V. page 
100} ; after division of the facial nerve, it is due to paralysis of the dilators A compressors of the 
nostrils, and to the consequent inability to direct a hriak current of air towards the upper or 
olfactory part of the nasal fos6» (Y. page 101). 



TASTE 

Has its seat in the tip, edges, and back part of the tongue, the soft palate with iia anterior 
pillars, and the back part of the hard palate } the middle of the dorsum of the tongue is but 
slightly endowed with taste. - It must be added that the perfection of the sense of taete is 
due to many sapid substances also affecting the sense of smell. 

To be tasted, sapid substances must be in solution, or at least soluble ; and the month must 
be moist. Large surfaces of contact, friction, or pressure of the sentient surfaces one against 
tl e other, eta, favour the production of the sensation, as does also a temperature of about 40^ C. 

The sensation takes a long time to develop, and then endures a long time. When wtU 
marked, these prolonged sensations constitute what is called the after^iasU* 

For the special functions of the Lingual &* G/ossa-PAaryftgeal Nerves^ ft the Ckorda Tymfatd^ 
■ee pages 104 ft 101. 

For the description of the BO*oalled TasU^buds^ see Tablets of Anatomy. Tlieaa orgaai 
are now believed not to be connected with the sense of taste^ stnoe they are fouid on the epi- 
glottis which is not endowed with taste. 
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GENERAL DEVELOPMENT OF THE EMBRYO. 
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OVA. 



In tlie oyiparoQB classes ot rert^brfties — Urds^reptiUs^fishn^-vDi Which the cUrelopiiidt&i of tte 
embryo takes place after the oyam has been deposited by the parent^ a considerable amovint of 
nutrient material is provided within the yolk, which is oi large siae, rick m ffmmlar ^niP' 
fiasmk matter % opaqtu^ »Sr» highly colour, d* 

In the TiyiparonB class-^mj/iMM/r/r-^in which the embryo is developed within, and dertTOi its 
nonrishment from the pArcntj the ovam is smcUl, and contains bat a small jM, whioh yolk 
is also less rich in prtnular pnitdptaintic matter^ and lapale, clears 6* fympid. 

The one ovnm \a partly fomiattvc ^ Pai^tfy HUlHtivCi and is termed ^ mero^astic!' 

The other Is entirelyi or almost cntirtlyifcrmativf^ and is termed " holp^ldstkl' 
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THE TWO KINDS of OVA. 



HOLOBLASHG OVUM. 

The holoblastic omm is smali. 

Its vitelline membrane is thick &* trans/arM, and forms the wna petlucida* 

The germinal or formative yolk entirely fills the vilelline membrane. It iBfale ^ limpid^ and 

containa but a small amonnt of granular protoplasm. Eirit toWardM its cintre, and then. 

towards the periphery, is the germinal vesicle with the germinal spat^ the latter spot 

being turned towards the periphery. 
Its average size is about -j^ of an inoh; the hnman ovum raries from ^^ to ^^ of an 

inob. - The germinal vesicle varies from -^ to ^^ of an inch. 

HEBOBLASTIO OVXTM (Hen's Egg). 

.The meroblastio ovom is large. 

Its vitelline membrane is thin^ often granular, sometimes indistinotlj fibrons, and lined intef* 
nail/ with a stratum of nncldated cdlls, tlie epithelial layer. Therd is no pellucid tone. 

Tiheyolk is large, rich in granular protoplasm, opaque, &* highly coloured. *At first it appears 
uniform throughout, but it is soon seen to divide into two parts, the germinal yolk^ A the 
ttu/ritive yolk. 

The germinal yolk is paler <Sr* more fluid, and containa a smaller amonnt of oil 
globules. In its midst is the germinal vesicle with the germinal spot. On the surface of 
the ovum, it forms the cicatricula or germinal disc, a small whitish spot always situated 
on that part of the surface which, as is explained below, turns upwards when the egg 
is laid upon its side. Beneath the cicatricula, the germinal yolk extends downwards 
towards the centre of the ovum into an expanded cavity, the latebra. 

As the hen*fl egg descends along the oviduct, a coating of albumen, the white, supplied 
by the mucous membrane of the canal, is added to its snrfaoe. In consequence of the 
rotatory movement imparted to the egg by the folds of the muooas membrane, this 
coating is deposited in spirally arranged layers ; and towards the poles are two particularly 
dense and twisted portions, the chalaxa, to which the yolk is so to speak suspended. 
These ohalazsB are attached to the yolk a little below its centre, on the side opposite the 
cicatricula; therefore, as the yolk is lighter than the albumen and tends to float, the 
cicatricula must always rise to the top when the e^ is laid upon its side ; in the nest, it 
is the part first warmed by the hen. 

In the lower part of the ovidnot, tho e^g acquires its last covering, which, becoming 
calcified in its outer portions, forms the shell hi^e shell membrane, the former perforated 
by minute vertical canals for the interchange of gases. The shell membrane consists of 
several strata of finely matted fibres. At the larger end of the ^f^% it splits after a cer* 
tain time into two layers, between which is formed the air space, the air contained in 
which space is believed to assist in the respiration of the embryo chick. 

The yolk contains 17 per cent, of albumen, 29 per cent, of fatty matter, a little 
phosphoxised fatty matter, salts, ft 52 per cent, of water. The while contains 11 per oent» 
of albumen, salts, extractive matters, a small quantity of fatty matter, ft 81 per oent. of 
water. The jA«£risoomi)osedoC86peroontiOfoarbo2iatoof limOiSof phosphateof limeu 
ft fl of animal matter* 
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MENSTRUATION, OVULATION. 



The mensinuJ disoharge is a thin^ dark^ sero^sanguineous fluid of a feeuUat kfotHd odour. It oontaisB 
either uncoagidaied blood or broken down olot, uterine h, vaginal mucm with a waterj finid or 
strum, tpUhelium^ A the dibris of the decidua menstmalu (J. Williams). 

This decidtia nunstrualis is the mtuous membrane of the body of the uterus. This mncous 
membrane becomes thick, dark, A congested at every menstmal period, in preparation for the 
reception of the fecundated ovum, should fecundation take place. Should feenndatioa 
not take place, the decidua menstrualis undergoes disintegration; its vessels are laid open, 
hemorrhage follows, and the membrane itself is thrown oflE. 

The blood which is poured out, either does not coagulate on account of the admixiuro 
h dilution above described, or it coagulates but very imperfectly, and the coagulum soon 
breaks down. 

Menstruation therefore is not the simple resalt of congestion of the uterus arising from the matur- 
ation k rupture of a Graafian follicle and the discharge of an ovum. The flax may oocur 
without any GraaBan follicle being ruptured; and ova may be discharged without any 
flux occurring. The presence of an ovary is, however, a necessary condition for menstruation. 

It Is now clearly made out that the discharge of the ovum usually occurs a little before, or at the 
commencement, of the nienstrual period, exceptionally towards its close or afterwards 
(J.Williams, Lowenthal). Conception, also, usually occurs before, and not after the men* 
strual period. 

Menstruation usually commences in this country, and in others of similar latitude, between ih.e ages 
of fourteen & fifteen, in warm climates tho flux appears a little earlier. Its appearance is 
accelerated by habits oE indolence & laxury, and by early sexual excitement. The seTeral 
periods usually occur at intervalfl of a lunar month ; and tho ordinary duration of each 
period is from three to six days. 



p 
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THE COBPUS LUTEUM 



Is a tranAitory doatridal deyelopment, which ocoun during the obliteration of the rnptnred 
Graafian Tedole. 

Vor the first three weeks, the OTolntion of all corpora latea is the same :- 

Immediately after the escape of the omm from the Graafian Tcsiole, a slight hemor* 
rhage takes place into the cavitj of the latter. Part of the effased blood doubtless issues 
into the peritoneum ; but the greater part is retained in the vesicle, for the opening made 
by the ovum during its escape was a very small one (usually not more than ^ of an 
inch in diameter). 

This blood soon coagulates ; and the Graafian vesicle, distended by the dot, forms 
the corpus luteum in its first stage. 

Two series of changes now take place : on the Cfne hand, the clot shrinks, hardens, and 
loses its dark colour; on the other, the wall of 'the vesicle thickens more h, more every day, 
especially in its deeper part, and becomes convoluted, and variously altered in colour. 

By the end of the third week, the corpus luteum has developed into a well defined 
rounded tumour, } of au inch wide, \ an inch deep, marked on its surface by a small cicatrix 
corresponding to the ruptured point of the vesicle. On section, the clot is of a gray or light 
greenish colour, more or less mottled with red, and semi-transparent; and the wall is of a 
yellowish or rosy hue, -^^ of an inch thick in its deepest part. 

Ibe OOKpus luteum of menstruation diminishes after the third week. 

It diminishes rapidly during the fourth week, losing nearly one-half. On section, at 
the end of the fourth week, the clot is considerably shrunk, quite pale, and slightly adherent 
to the wall; the latter, through undergoing fatty degeneration, has turned <^ a bright 
yellow. 

The process now advances more slowly. The clot, reduced to a small shrivelled reddish 
white mass, blends with the wall, which becomes friable, less coloured, and finally confounded 
with the surrounding tissues. By the eighth or ninth week there is left but a yellowish 
cicatriz-like spot, one-fifth of an inch wide. 

The corpus luteum of pregnancy continues to increase until the fourth month, when it reaches 
the size of 1 inch by |. The wall is then \ of an inch thick, and of a dull or slightly faded 
yellow ; the clot is colourless A purely fibrinous. 

Scarcely any change takes place during the 6th h, 6th months. 

Then comes on the process of atrophy above described. This proceeds but slowly until 
birth, when the corpus luteum is still \ an inch wide by }■ of an inch deep, though somewhat 
softer, more vascular, and less distinct in colour k structure. 

After birth resorption proceeds rapidly, and what remains after eight or nine weeks is 
scarcely distmguishable, except upon a close exasunation. Some traces may remaii% 
howovefi for eight or nine months. 
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PRELIMINABY TRANSFORMATIONS of the OVUM 



Are the Begmentation of the yolk, the formation of the blastodermio membrMM^ the deUmitatloa 
of the area germiDatiya^ & the appearance of the.area pellaoida. 

After fecundation the gorminal reBide disappears, uid a new oell, the embryo oeU, is formed in 
its stead (Bischoff, Goeie, Robin), whioh new cell divides and subdifides into iwo^ four, 
eight, sixteeni • • . • an indefinite nnmber of nnolei. 

The yolk then gathers ronnd the dirisiens and tabdiTisions of the central Tesiole so as to Harm 

two, fonr, eight, sixteen, an indefinite nmnber of nucleated segments of the pri- 

mitire yolk. - This cleavage or segmentation transforms the yolk first into a mnlbenj 
looking mass, and snbseqnently into a granular oollection of minute spheroidal oells. 

Those cells pass to the periphexy of the ovum. Here they arrange themselTos in a oontiniUMtt 
layer on the inner surface of the TitelUne membrane, become fiattened by mutual pressoxe^ 
and constitute the blastodermic or germinal membrane. The central part of the 
becomes at the same time dear & transparent. 

The cells of the blastodermio membrane aocomulate at one polnt| and form a slightly 
qae spot, the area germinatiTa. - This area is at first small St circular, but it soon ini 
in size and becomes oval & pear-shaped| its longitudinal axis oorresponding to the longi- 
tudinal axis of the future embryo. 
▲ clear transparent space, the area pellucida^ appears in its centra, and similarly eztoads 4 
assumes a similar form. Thiil space is bounded 1^ an opaque white line due to a peripheral 

accumulation of cells & nuclei. 

The blastodermio membrane splits into two layen^ the upper, outer, or serous layer, or epSUast^ 
and the under, inner, or mucous layer, or hypMut. A third or middle layer, the Tasonlar 
layer, or masoblast^ soon appears between the two others. 

Now are formed the first rudiments of the embryo ft of its appendages t 

In the long axis of the area pelluoida, that is tu say in the long a<is of the futore emhrycv 
appear superfldally the pritniiive trace or grome^ and beneath this, the chorda dorwalis or 
notochord. The primitiye grooTO is bounded byjOr comprised between, two loogitodinal p lat e s , 
or thickened portions of the blastodermio membrane, termed the lammm donaUi* 
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GENERAL DEVELOPMENT of the EMBRYO. 

The prtmitwe trace or rroove is a shallow furrow which appears on Ibe outer or serous lajer ot 
the germinal menuiraiie in the long axis of the area pelluoida, and oonsequentlj in the mesial 
line of the future emhorya It ib widest at its anterior or cephalio end, in which situation it 
soon derelopes into three reoeMes or yesiclea corresponding to the three primary divisions of 
the future encephalon. 

The chiorda dorsalis or noiochord is a semi-opaque thread situated beneath the primitire grooye. 
It oonsistB of a linear mass of cells. It forms the basis round which the bodies of the yertebrss 
are subsequently developed. 

The lamhuB darsales are seen at an earlj period to be formed bj the outer layer and by part oftJu 
middle layer of the germinal membi«ne. They thicken into two prominent masses on either 
* side of the primitive groove, and then divide into dorsal plates &" ventral plates^ both of which 
plates are formed in part by both outer &* middle germinal layers. 

The dorsal plates rise up on either side of the primitive groove, which thus becomes deeper k deeper, 
they then divide into medullary ^posterior vertebral plates, yfYiioh plates are formed respectively^ 
the one by the outer, the other by the middle germinal layer. These medullary h, posterior h 
yertebral plates both unite in the median line, giving rise respectively, tAe one to the primitive 
tube of nervous substance, the other to the posterior wall of the neural or posterior perivisceral cavity. 

The ventral ^oies give off the anterior vertebral pla'es, which proceed from the middle germinal 
layer. These anterior vertebral plates grow inwards round the chorda dorsalis, in front of 
which they unite. 

On either side of the chorda dorsalis, the portion of the middle layer included in the ventral plates 
swells out into the intermediate cell mass or common reproductive cell mass, and externally to 
this cell mass this portion of the middle layer splits into two divisions, the somatopleure &* 
splanchnopleure, 

(The intermediate cell mass or common reproductive cell mass is so called because it 
Is comprised between the portion of the middle layer which forms the vertebral plates and 
the point of division .of these vertebral plates into somatapleure A splaachnopleure, and because 
the genito-urinary glands both of the male & female are subsequently deteloped from it.) 

The somatapleure divisions join on either side with the outer layer or epiblast. Both together then 
bend downwards and inwards towards the corresponding parts of the opposite side with which 
they unite in the median line, enclosing the anterior perivisceral or hiemal cavity. 

The splanchnopieure divisions join on either side with the inner layer or hypoblast, and both together 
develop into the remainder of the thoraco'abdominal organs. The splanohnopleure forms the bulk of 
the thoraco-abdominal organs ; the internal germinal layer forms only the epithelial lining of the 
alimentary canal, of its glandolar appendages, of the urinary tract, & of the air passages, even 
this much being denied by Beichert, Longet A others with respect to the air passages. 

The mode of closure of the anterior perivisceral cavity is simple in the thpraco-abdominal region^ 
and similar to the mode of closure of the neural cavity behind: - The external germinal 
layer gives rise in both cases to the cuticle db its appendages, and the middlegerminal layer 
to the true skin, the bones, muscles, vessels, A peripheral nervesi - it takes place however 
much later, and is not completed before birth. - In the cervioo-facial region the closure of 
the anterior perivisceral cavity takes place by means of the four branchial arches, which will 
be described with the development of the face. 

The limbs are developed by simple extension of the ventral plates, the middle germinal layer 
forming the bones k all the soft parts with the exception of the epidermic covering h, its 
appendages, which latter are supplied from the external germinal layer. The limbs first 
appear as small koobs on each side of the trunk. As they extend, they show traces of division 
into their respective segments, and their extremities expand & flatten, and exhibit indenta* 
tions which demarcate the future fingers & toes. 

The space between the somatopleure & the splanohnopleure becomes the pleuro-peritoneal cavity. 

mpXiECTION of the BODY-WALL. HEAD, TAIL, & SIDE FOLDS. ALIM- 
ENTARY Canal - The following graphic description may be added : 

In the earlier stages of development the embryo lies flat on the sorface of the yolk, and is 
hnt Imperfectly marked off from the rest of the blastoderm. Oradnally, however, a 
crescentic depression is formed, which limits the head : The blastoderm U, as it were, 
tucked in under the head, which thus comes to project above the general surface of the 
germinal membrane. A similar tucking in soon takes place at the caudal extremity, and, 
a little later, on either side of the embryot The embrvo is thus surrounded by a kind of moat. 

This moat grows deeper 4e deeper, <>., runs in further & further beneath the embryo, 
which comes to overhang it on alt sides. The embryo is thus shaped somewhat like a 
canoe turned upside<down. The ends, and the sides of the middle portion of this canoe, are, 
io to speak, decked in by the tucking in of the blastoderm : the centre of the under surface— 
the " well, or undecked portion of the canoe— presents a wide opening, bv which the body 
cavity of the embryo (to continue the comparLson) conununicates with the cavity of the 
yolk-sac. 

Further tncking in diminishes the size of this communication, and reduces it ihially to a 
minute canal contamed in a delicate hollow pedicle. 

The portion of the yolk-sac included in the body-cavity forms the aUmentaryeanal, which 
fs first Closed at both wi^—(SliihUy altertdfrom Fetter 6* Balfour h 
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THE APPENDAGES of the EMBBYO 
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Are the nmbilioal yesiolef amnioni allantois, ohorion and placenta. The/ detelop siiiiiAia- 
neonsly or nearly bo. 

UMBILICAL VESICLE 

Is the lower ft larger part of the blastodermio Tosicle or jolk lao, which is separated at 
the nmbilions from that part, which has been enclosed in the abdominal eariij hj 
the bending downwards and the cnrrlng towards each other of the ventral platoa of 
the embryo. It is the source from which nutriment is first derived for the embryo. 

It commnnicates for a time by a gradaally narrowing canal, tho vitelline dnot^ with the 
portion of the yolk sac, which Is enclosed in the abdominal cavity. 

The vessels which are early developed in the area vasonlosa of the middle germinal layer, 
are soon joined by the vitelline or omphalo-mesenteric arteries, which then spread 
out on the mnbilical vesicle, and even, in the case of birds and reptiles, project theor 
twigs into its interior; the corresponding veins absorb, and convey to the embxyQ^ 
the dissolved nutrient material of the yolk. These vessels are also the media of 
gaseous interchanges between the embryo and the other fluids of the ovum. 

In birds and reptiles the umbilical vesicle is gradually drawn into tho abdomen, its 
remains frequently persisting for a time as the vitelline coscum, a short blind cae 
connected with the small intestine. In mammalia, amphibia ft fishes it is iniich 
more transitory, but traces of it can generally be found at birth among tlie deiaeBta 
of the umbilical cord. 
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TH& iftS^OnON 



-v.. 



Appeals as soon as tlio extremities & sides of tHe embryo begin to bend downwards and ii 

towards the centre of the ovum, and towards each other. It is formed by the rising np 
round the embryo, in the shape of a oircnlar fold, the amniotic fold, of the portion of the 
external layer and somotopleure, which sarjound the area germinatiya. 

This fold is- most marked at first over the head, or cephalic flexnre, then orer the oandal ex- 
tremity of the embryo ; it appears lastly over the laminze ventralos. 

Its edges arch over the dorsum of the embryo, meet, and unite. 

The double layer of membrane becomes absorbed at the point of coalescence of the edges of the 
amniotic fold. The two layers of the fold are thus separated, the embryo being separated 
at the same time from the outer membrane of the ovum. 

The inner layer of the amniotic fold now bounds with that portion of the outer layer of the 
germinal membrane, which covers the dorsum of the embryo and forms the epithelial 
coating of its integument, a closed sac, the amnion. 

Fluid is secreted both within, and externally to, the cavity of the amnion ; the outer layer of the 
amniotic fold, which, is sometimes called the false amniox^ 'is thus pressed against the vitel- 
line membrane with which it soon becomes blended. 

The amnion, when fully developed, is very similar to a serous membrane, and may be described 
as presenting an inner or visceral layer, and an outer or parietal layer. 

These two layers are first in contact ; but the serous fluid, or liquor amnii, secreted within the 
cavity of the amnion separates them, and the whole amnion becomes distended & enlarged. 

The visceral layer of the amnion curves downwards & inwards with the extremities and laminse 
Tentrales of the embryo, and at last surrounds both the whole «mbryo (forming the epi- 
thelial layer of its integument) and the vitelline duct, and, when it is formed, the umbilical 
cord. 

The parietal layer of the amnion reaches in time the surface of the ovum and finally lines the 

whole surface of the allantois, after this latter has spread out upon, and has become blended 
with, the false amnion & the vitelline membrane. 
The parietal & visceral layers of the amnion are now continuons with eaoh other over the 
placenta and the point of attachment to the placenta of the umbilical cord. 

The amnion is formed at first of a thin structureless basement membrane lined with a delicate 
squamous epithelium ; subsequently it contains a few fusiform cells. 

Tho liquor amnii consists of water holding in solution from 1 to 3 per cent, of solid matter com- 
posed of albumen, urea and uric acid, allantoin A other extractives, sebaceous matter, 
epidermic scales k minute hairs thrown off from the embryo, and salts, sach as lactate of 
eoda and sulphate & phosphate of lime. 

Note - The Fpace between the amnion proper ft the false amnion is oontinnous 
with that between the somatopleure ft the splanohnoplenre| f>.| withvthe 
plenro-peritoneal cavity. ^ 
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THE ALLANTOIS 



If the mediam bj wliioli the tmsoIs of tlie seoond foetal oiroidatioii become oonneoted with tbe 
maternal stmotareB, and tbe organ which serves the purposes of respiration M nntrition 
dnring the second part of fosial life. 

It appears as a small mass of naoleated cells on the nnder surface of the embryo near its candal 
extremitji and isderired from that part of the middle & inner layers of the area germi* 
natiya which is to form the abdominal viscera. 

It develops simnltaneonsly with the intestinal canal, and is soon transformed into a hollow 
vascular protrusion of the anterior intestinal walL 

It then emerges from the abdominal cavity of the embryo along the caudal aspect of the vitel- 
line duct ft between the folds of the amnion which surroand the pedicle of the now 
decreasing umbilical vesicle. It carries with it the vessels of the second foetal oirculation, 
or umbilical vessels. 

The progressive closure of the umbilicus no«r dirlrides it into extra ft intra-fcstal portions. 

XXTRA'FCBTAL PORTION — Expands into a rapidly growing sac or bag. 

When it meets the outer wall of the ovum ( which is now formed by the vitelline mem- 
brane blended with the peripheral portion of the blastodermic vesicle or false 
amnion), it flattens out, and its walls become applied one against the oiherj so as to 
form a double disk>shaped membrane. 

It then spreads over the outer wall of the ovum forming the endochorion. 

The vessels of the inner w deep layer of the endochorion disappear, those of outer or 
mperfidal layer enlarge and become more and more numerous, and, in the case <A 
the mammalian ovum, penetrate into the villi of the now developed chorion, forming 
the fiBtal part of the placenta. 

IHTRA*F(XTAL PORTION — Tint forms part of the oloaea, or common outlet of the di. 

geetive, urinary ft reproductive tracts. It is subsequently separated firom tba 

intestinal canal by a transverse septum, the perinaemn. It then forma pari of tbs 

■r o gen ital sinus, which sinus forms the urinary bladder, and is finally modified 

inferiorly aeoording to sez, while superiorly it contracts into a fibroos cord,t2i« 
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THE CHORION 



Is ilie outer membrane ofthefuny ffvohed impregnaied cvum. — Let ui iraoe Itf derelopmeni 

The first ooyering of the OTiiin was the vUeiline membrane, — 

The genxunal op blastodermic membrane appeared on the inner surface of this mem* 
brane direotly alter the segmentation of the yolk. — This Mastodermio membrane divided 
into three layers In the extent of the area germinatira. The two inner ones formed the 
embryo h the umbilical vesicle* The <n*l<'' one f rose up around the embr^ in the shape of a 
cirqular fold or hollow processi the amniotic foldj wX formed on the one hand the amnion 

« 

froper^ on the other hand the false amnion* This false nmnion became blended with the 

vitelline membrane. 
The outer membrane of the ovum is now formed externally by the vitdline memhrane^ tnHtmaUy 

by \h.ejalse amnion* 

The allantois now emerges from the embiyo. It pushes its way between the folds of 

the amnion proper, which surround the pedicle of the decreasing umbilical vesiolei and 

spreads out between the amnion proper & the false amnion, with the latter of which it soon 

becomes blended. 
The outer membrane of the ovum is now the chorion* 
The recently formed chorion consists therefore from without inwards of the vitelline membrane, the 

false amnion & the aUantoiSf 
The vitelline membrane & the false amnion soon disappear for the former never was a vascular 

struotare, and the latter ceased to have any vessels of its own as soon as it became sepa« 

rated from the portion of the blastodermic vesicle which formed the amnion proper. 
The definite chorion is soon formed therefore by the allantois only* 

(twith the peripheral portion of the somatoplenrc.) 



P. 
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CHANGES in the OUTER MEMBRANE of the OVUM. 



• 



Tho villi begin to appear all over the ovam as soon as the ovum enters the uterus and the aUantdi 

emerges from tlio embryo. 
Thoy are at first but minute structureless projections of tho vitelline membrace, but when tla 

allantois has reached the surface of tho ovum, allantoio Tossels in tho shape of rci/iii^r 

loops are hctlo-LVcd out into their substance. 
They soon disappear orer tho two-thirds of the eurfaco of tho OYnm corresponding to the dcn»i 

of the embryo. 
OYor tho remaining thii*d, that is to say over the site of ^^ future ^Uuenta^ thoy divide esnd re 

by a process of budding or sprouting, and soon consist of a narrow stem or pedicle giri=j 

off a multitude of secondary & tertiary branches of varying size & figure, all of wlod 

contain a capillary loop. 
The vitelline membrane & tho false amnion having disappeared^ as above explained, the pc 

sistent villi are soon formed by the allantois only. They are then properly the villi of (^ 

chorion. .^ 

I 

The tufted villi of the chorion dip into tho substance of the decidua^ and go on increasing in %i 
till they finally constitute tho fatal part of the ptacentom 
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THE DECIDXrA 



Is tho mucous membrane of the body of the uterus aitered through impregnatioiu 

Shortly after impregnation tho mncons membrane of the ntenu beoomes thick^ soft & vascular* 

Its ^nds greatly increase in size, and pour out abundantly into the carity of the ntems a 

special albuminous fluid rich in nucleated cells and destined to be absorbed by the yilli of 

the omn* 
When the ovum emerges from the Fallopian tube into the cayity of the nteniSj it first floats in 

this finid. 
It then becomes imbedded in the detidua* 
The deoidna now divides into three portions t 

The DECIDUA BEFLEXA rises up round the ouum and gradually incloses it in a small 
mucous cavity which communicates for a time with the general cavity of the uterus by a 
minute opening, the decidual umbilicos. 

"^ The DECIDUA SEBOTINA is the portion of the deoldua oomprised between the cvum 

& the wall of the uterus* It soon dcvdops into the maternal part of the placenta* 

The DECIDUA YERA is the portion of the decidna which lines the general cavity of 

the uterus* 
As the oYum increases in sise the decidua reflexa & the deoidua vera gradually come in contact^ 
^ "^ and Mfi^ so as to form one membrane. 
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THE PLACENTA & UMBILICAL CORD. 



The plftoenU is a diio-ahapei tidokenlng of the membrane of the omm adherent to the iit«m 

uraally at its upper part. 
Ita free or fcetal iurft^oe givee attachment to the nmWlical oord ntaally near Uf centre, and 

present! the prominent direrging & converging branohee of the nmbiUoal arterica ft Tein. 

It ia coTored bj the parietal layer of the amnion. 
Ita uterine rorfeoe, after it has become detached in partnrition, Is shaggy or velretj in appetr. 

ance, and presents the vascnlar tufts or yilli of the chorion. 
The placenta is formed by the interlacing of the Tessels of the chorion * of the deoidna sero- 

tina. 

On the one hand the villi of the chorion with their aUantoio vessels dip into, and ramify with- 
in, the sabstanoe of the deddna serotina. 

On the other hand the vessels of the deddna serotina multiply ft enlarge to an almost inen- 

* dible extent. They at first snrronnd the villi with rich capillary networks, but dilatiog 
and fhsing with each other, they soon lose entirely their oapUlary eharacter, and an 
transformed into real sinuses. These sinuses are first developed towards the deep or 
uterine surface of the deddua, where they communicate with the vessels of the uterus hj 
large and obliquely disposed openings; they grow upwards, and insinuate themselves be* 
tween the branches of every one of the villi of the chorion. 

All other structures but vessels have now disappeared from the placenta, so excessive is O* 
vascular development: — The allantdc capillary loop was surrounded by the stmotsm 

• of the villus, vis., a layer of cells ft basement membrane. The deddual capillaries were 
surrounded by the cellular structures of the hypertrophied deddua. «• In the fully dere- 
loped placenta the vessels of the fistus literally dip into the maternal sinuses, a liaf Is 
membrane, the blended walls of the festal ft maternal vessels, intervening between thi 
two vascular systems. 

The umbilical oord extends usually firom the oentre of the firee surface of the plaoenta to the 

foetal umbilicus. 
It consists of two umbilical arteries ft one umbilical vein, which are embedded in soft maoam 

connective tissue, the modified remains of the allantds, and surrounded by a tubolsr p9*». 

oess of the amnion. The vestiges of the umbilical veside with its vitelline duct ft omplkalo^ 

mesenteric vessels may sometimes be discovered among the structures of the cord. 
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Oenninal Vesicle^ Segmentation Grannies, Blastideei Embryo-CelL 



following additional facts now appear pretty dearly made out : - 

Bnmgh the oontraotion of the yoUc, the germinal vesicle is squeesed into the space hetween the 
yolk and the yitelline membrane either before, at the time of, or a little after, the escape of 
the omm from the Graafian vesicle, i>., nsoally before, and therefore independatily of^fecutU 
dation. Here the germinal yeside breaks down and disap^ears^ and its contents are 



after fecundation there appear in the space above mentioned one, two, or three small 
hyaline and highly refiraotiog sphemles, sometimes called segmentation grannies* These 
remain yisible during the early stages of segmentation, and then disappear. Their cnigin 
ft destination are udmown. 

Thaierm blastides has been applied to the multiplying nuclei of the segmentation mansfw. But 
whether these blastides precede, or are the result of, each act of segmentation, and in what 
way they are related to each other, is still unknown. A serious doubt has therefore been 
' respecting the statements which were made about the embrythcelL 



The TwD Primitive Layers, & the T hird or Intermediate Layer of the Blastodenocu 

Tlie upper or outer of the two primitiTO layers of the blastoderm is made up of small prismatic 
cells, closely packed, and presenting a Uu^ h distinct nucleus. 

lower or inner layer is made up of larger, more rounded, and more granular oella scattered, 
in reticular groups, the nuclei of which cells are less easily perceired. Subsequently these 
cells become a little more closely packed, and somewhat flattened. 

mode of formation of the middle layer is still a disputed point. Among the more modem 
'Views are the following : - 

It is derired from the upper layer (KSlliker). 

It is derived from the lower layer (fiemak). 

It isderired from both layers (His). 

It is a product of the secondary segmentation^ which takes plaoe below ibe Iowa 
layer; and the larger cells thus formed migrate to their final position between the upper & 
lower layers by passing round the margin of the lower layer (Strieker, Klein, and most of the 
Smbryologists of the Viennese School), by passing through th: lower layer (a few of the 
Smbryologists of the same School). 

It is ^enYeidL partly from cells included from the first between the two primitiwe layers, 
vaA partly from cells of new formation, as above explained (Balfour). 

• Directly after its formation, the middle layer begins to thicken by a process of cell-mulUplicatioa. 

Seoondaiy Segmentation. 



is a secondary process of cell formation which, at least in the meroblastio ovum, 
for a considerable time both around the margins of the primitively limited ~ 
beneath it, f>., between it and the food-yolk, in what is sometimes called the _ 

cavity* It is by this secondary segmentation that the blastoderm of the meroblmtio 
is extended little by little all over tho yolk (Balfour, Bay Lankester, Gk>6tte). Ita 
connection with the formation of the middle layer has just been described* 

BMftla l Segmentation of Unfeenndated Ova, 

Sigmentation is not absolutely confined to fecundated ova. But in unfeenndated ova^ 
those of the higher vertebrates, the process is irregular and imperfect, and : 
' the formation of a continuous blastoderm. This attempt at a segmentation 
the question, whether the process is originated by the rupture of the 
ilie Aspersion of its contents, ,.• -.^. 
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Frimitiv e Trace or Oroove, 

From the recent researcbes of Balfour & Hensen it appears desirable to make ft distinotioii 
between the primitive trcue and the primitive groove* 

The primitive trace is a mesial thickening of the epiblast & mesoblasfc, which precedes the appear- 
ance of the primitive groove* 

It would farther appear that the primitiz'e groove is partially replaced, as follows, by another 
groove, the medullary groove^ to which the current sLatements with reference to the primitire 
groove more accurately apply : - The primitive groove appears only in the narrow posterior 
part of the area pellucida, and it soon becomes shallow and faint in outline. In the broad 
anterior part of the area^ in front of the primitive groove, and in the line of its anterior 
prolongation, there then appears this other groove, the medullary groove. This medullary 
groove extends itself backwards itUo tlie primiliuc groove, which it expands, dilates, and 
deepens. 

Chorda Dorsalis - For further particulars see page 172. 

Walls of the Umbilical Vesicle. 

After the complete development of the three layers of the blastoderm, the walls of the umbilioal 
▼esiole are formed by all these throe layers. They remain so formed in amphibia 9t 
fishes, which have neither amnion nor allantois. 

In reptiles, birds, & mammals, both the production of the amnion wfth the dependent pleuro- 
peritoneal space, and also subsequently the expansion of the Allantois, entirely separate 
the ^epiblast and the outer half of the mesoblast (Somatopleure) from the inner 
half of the same (Sphanchnopleure) h from the hypoblast. The sphanohnopleure ft the 
hypoblast remain therefore alone as the permanent constituents of tho wall of the yolk-saa 
Through these, the wall of the yolk-sac is continnous with the wall of the intestine. 
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Amnion & Allaatols. 

It 18 throngh the meaoblastio alementi whioh they oontAin that the two are both Tascolar k 
ooniractfle. With regard to the false amnion, howereryite Taeoularitj oe a a c a aa does also, 
neceisanly, its mneoiilaritj— at its point of separation from the tme amnion. 

It is the outer layer of the true amnion, and the enter layer of the allantois, *>., the layers hj 
whioh they oome in contaot, that are rasoalar & contractile. 

In the case of the allantois, and espedally in man, the degree of expansion of the inner or 
epithelial layer, and the degree of expansion of the onter or rasonlar layer, are not co- 
equal. The sao formed by the inner or epithelial layer — that which reoeiTea the flnid secreted 
by the temporary & by the permanent Iddnies — ceases to expand as soon as the allantots 
as a whole has reached the onter wall of theoTom. It is only the onter layer of the aUantois^ 
that extends over the ovnm and enters into the formation of the chorion & placenta. 

The space between the amnion proper A the false amnion is continnons with that between 
the somatoplenre & the spanohnoplenre, f>., with the plecuro-peritoneal cavity. 

Vim,— Origin of the Chorion, 

From Kolliker's inyestigations it wovld appear that the simple yiUi are from the first, or at least 
from a very early date, both tabular in form and cellular in structure^ and thatthey are derired 
therefore from the epiblast, and not from the ritelline membrane, whioh is stmotnrelesa. Henoe 
it would seem that the false amnion does not disappear from off the surface of the allantois^ but 
that, on the contrary, it combines with it, and enters ?rith it into the stmotnre of the chorion. 
The chorion contains, therefore^ both epiblastio & mesoblastic elements. 

Placenta. 



The uterine blood^passages, or sinuses, are irregular spaces into which the maternal blood ia 
poured directly by numerous small coiled arteries t - fluid injected into the uterine arteries at 
once distends the sinuses, and erery where surrounds the villi. The large & obliquely disposed 
veins, ov utero-placenial veins, by which the blood returns from the placenta, are most abnndajit 
towards the circumference of the placenta, where they blend, in faot^ into the so-called 
circular vein, or circular sinus. 



Synopsis of the Evolntion of the Bztrft-Fcetal Portion of the Blastoderm, 

1 - The Epiblast forms the ^uier layer of the yolk sac^ the outer layer of the outer fold and 
* the inner layer of the inner fold of the amniotic process, - therefore the inner layer of the 

true amnion^ when the latter has become separated from the false amnion, - and probably 
also the outer layer of the chorion (V. Above). 

2 - The Htfoblast forms the inner layer of the yolk sac & umbilical vesicle, and the inner 

layer of the allantois, 

8 - The Hesoblast forms the middle or vascular layer ol\^^ yolk sac (This layer is the same 
as what becomes the (w/^ layer ofthe umbilical vesicle, when the latter vesicle becomes separated 
from the outer wall of the ovum) ; ihe outer or vascular layers of the amnion &» allaniois ; the 
vascular layer of the chorion (This layer is probably the inner layer, the outer layer betog 
formed by the epiblast (T. Above) ; the festal portion of the placenta. 
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DEVELOPMENT OF THE ORGANS. 
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DEVELOPMENT of the ORGANS.— 1st Tablet. 



Is the rcpnlt of the evolution of the fcotal portion of the three layers of the blastoderm. 

Of this erolation, two views are taken which differ as follows in respect of ^^ pharynx^ asopkapiy 
and respiratory tract, namely, as regards (l)-the source from which their epiihelial timhi^ii 
derived (Vide below), and (2)-their connection with the remainder of the alimentary cond 

(Vide Next Tablet). 

THE OLDER VIEW : - 

The upper, or outer layer, or epiblasi, gives rise to 

Epidermis ^ its appendages; 

CerebrO'Spinal nerve-centres, and essential parts of the ear, eye, 6^ nose\ 

Epithelium of mouth, nabes, fhaktnx, (esophaous, & BKSPiaAToar tbact. 

The under, or inner layer, or hypoblast, gives rise to 

Epithelium of abdominal pobtiox of alimentary canal, urinary bladder, ax: 

glands which open into these parts. 

The middle, or vascular layer, or mesoblasty gtres rise to 

All the rest of the body, 

THE MORE MODERN VIEW : - 

The upper, or outer layer, or epiblast gives rise to 

Epidermis &* its appendages; 

Cercbro^spinal nerve<etttres, and essential parts of the ear, eye^ &* nose. 

Epithelium ofuovm <5^> itabes. . 

The under, or inner layer, or hypoblast, gives rise to 

Epithelium of whole alimentary raifo/ (the month excepted), bespibatobt n^ffi 

urinary bladder, and glands which open inU these p^^ 
The middle^ or vascular layer, or nicsoblast, gives rise to 

All the rest of the body. 
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DEVELOPMENT of the OBaANS.-2nd Tablet. 



THE TWO VIEWS CONTINUED, 

Aooording to the older view, the epitheliam of the pharynx, oesophagiui, & respiratory tract 
IB derived, in common with that of the month & nose, from the epiblast ; according to the 
more modem view, the epitholinm of these parts is derived, in common with that of the 
whole alimentary canal, except the month, from the hypoblast. And these two views 
regarding the epitheliam of these parts are in harmony with the two corresponding 
views regarding the connexion of the other strata of the walls of these parts with the re- 
mainder of the alimentary canal, iV., regarding the portion of the mesoblast from whicU 
the£e other strata are derived : - According to the older view, the pharynx, cesophagus, 
and respiratory tract are formed as a prolongation backwards of the cavity of the mouth ; 
aooording to the more modern view, they are a part of the intestiftal portion of ihn 
alimentary canaL 

BEMABKS on the TWO VIEWS. 

Two things are clear : - 

1. That the abdominal t i^.^ itxtesHnal portion of the alimentary canal 
results from the involution of a portion oiyolk'Sac^ and that it is derived there- 
fore from the hypoblast and from the splanchnopleure division of the meso' 
blast ; 

2. That the Cephalic Portion of the alimentary canal, ue.. The Mouth, is 
formed independently, as an involution of the epiblast (integument of tho 
face). 

But the question may still be asked. Whence are derived the in termed iato 
portions of the alimentary canal, le., the Thoracic or (Esophageal, and the Cerv- 
ical or Pharyngeal? Are they a part of the primitivd alimentary, or intestinal, 
canal, f>., a part of the involuted yolk-sac ? Or do they result from a subse- 
quent prolongation forwards of the intestinal canal ? Or do they result from a 
prolongation backwards of the cavity of the mouth ? And, since the Respiratory 
Tract is developed as an involution of the anterior wall of the pharynx, tho 
further question may be asked. From whence is the Respiratory Tract derived, 
from the intestinal canal, or from the mouth ? From which primary source 
is the epithelium of these parts derived, from the hypoblast, or from the epiblast ? 

Notwithstanding the high authority of Messrs. Foster & Balfour, the 
Author supported in his first edition the view taken by his old Masters, 
Coste & Longet, i.e,, the one given in the foregoing Tablet under the heading 
"The Older View." 

He did so for tho following reasons : - (1) There being neither thorax 
nor neck in the early condition of the embryo, he did not see how tho 0930- 
phagus & pharynx could be formed at so early a date as they apparently mast 
be, if the more modern view be correct. (2) The sadden transition at the 
cardia from the thick, opaqne, & squamous epithelium of the pharynx & 
GQSophagus to the thin, soft, transparent, and columnar epithelium of the 
remainder of the alimentary canal, appeared to him confirmative evidence 
of the view of the different origin of those parts, as did also the investment of 
the latter parts by serous membrane as opposed to tho non-investment of the 
former, and also tho formation in front of those former ports, and evidently 
from mesoblastic elements, of organs (heart, trachea, bronchi, large vessels, 
thymus gland) to which nothing corresponds in front of the latter parts. 

Desiring, however, that this work should bo marked by the record of 
established facts rather than by argumentation, and farther recognising the 
import of the better description of the peritoneum as given of late by Messrs. 
Foster ^ Balfour, and also, on the other hand, the undesirability of resting 
any definite significance on the mere cironmstance of a change of epithelium, the 
Author bere drops the question in dispute, and respectfully submits his former 
& still somewhat favourite views to those of his moro competent seniors : - The 
following Tablets have been altered to the above effect. 
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DEVELOPMENT of the NEBVE-CENTBES. 



DEVELOPMENT of fhe BRAIN. 

The cephalic end of the primitive tnbe of nerroiu inbstftnoe (V. General Derelopiiient of tiM 
Embryo) toon prewnts three hollow dilatations or Teeioles, the anterior, middle & poi- 
tenor primary cerebral YeBicIes, of which the middle one is the largest. 

These three dilatations are at first in a line one behind the other. 

As the extremities of the embryo cure downwards towards the centre of the omm, so doestiM 
oerebro«spinal axis, the cnrre of the cephalic end being most marked between the an* 
terior A the middle cerebral vesicles and between the fhtnre cord & the posterior oero- 
bral Teside, in which latter situation it gives rise to the cervical tuberosity. 

Posterior Cerebral Vesicle -- Sooi^ becomes larger than the middle one, and formi 
in its posterior part, or metenoephalon, the medulla oblongata, and in its anterior 
part, or epencephalon, the cerebellnm, the pons & the cerebellar peduncles. 

The portion of the primitive nervoos tnbe which forms the medulla oblongaU 
does not dose behind, the margins of the sperture forming the diverging refti« 
form bodies and exposing the floor of the 4th ventricle. 

The cerebellum is at first a thin transverse plate which forms the medi&n 
lobe or vermiform process only. The lateral hemispheres appear subaequentlj 
in mammalia & birds; they do not appear at all in reptiles & fishes. 

Middle Cerebral Vesicle - Orowsmore slowly than the others, & is soon the smallegt 
On its dorsal aspect it forms the corpora quadrigemina, which remain jiermaii- 
ently hollow in birds. The central cavity comprised between these parte shrinki 
into the aqueduct of Sylvius. - On its under surface it develops into the pe- 
duncles of the cerebrum. 

A&terior Cerebral Vesicle *- is ^t first smaller though broader than the middle 
vesicle, but it soon becomes by far the larg^t of the three. In its posterior part, 
or diencephalon, it forms the optio thalami, which are separated by a longitudi- 
nal groove, the future 8rd ventricle, and from the outcnr surface of which two 
flask-shaped outgrowths, the primary optic vesicles, are seen to arise. In its 
anterior part, or prosencephalon, it forms the corpora striata, the cerebral hem. 
ispheres with the commissural fibres of the corpus callosum, the fornix, and the 
septum luoidum. 

The hemispheres develop rapidly from before backwards, overlapping the 
optio thalami and, in the higher vertebrate, the corpora quadrigemina it the 
cerebellum. At first they are thin & smooth and enclose a large cavity, the 
lateral ventricle, but this cavity is soon diminished by the thickening of its walli, 
which walls become divided externally by primaiy fissures into lobes and bj 
sulci into convolutions. 

The transverse commissural fibres of the corpus callosum multiply and 
extend from before backwards, as do the hemispheres, and dose in the lateral 
ventricles. 

From the under surface of each anterior lobe a hollow process passes for* 
wards, and forms the olfactory lobes which remain hollow in some ^wimy^if, 

DEVELOPMENT of the SPINAL OOBD. 

The central and caudal portions of the cerebro-spinal axis form the spinal cord. This ecm* 
rists at first of a central canal bounded by a surrounding layer of nucleated cells. The 
most central of these cells form an epitheual lining, the ependymai the more periphenl 
ones develop chiefiy into the central grey substance, the white substance bein^ fonoed 
subsequently. - The cord extends at first throughout the whole vertebral canal, but 'a 
. grows less rapidly than the canal itself, wherefore, the roots of the spinal nerves bdi^ 
joined to the cord, the cauda equina is progressively formed. The central canal of the 
cord penisti through life, but ite diameter is reduced to l-lOCKh of an inch^ 
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Brain ft Cord. 



OnefurtlierpointofiiitoreifcBhoitia lie noted with respect to both brain andoord: -Theprimi. 
tire tnbe of serroiui rabetanoe appean to remit from the inrolntioii, not of the pnmUwg 
groove only, as waa beUered up till rery lately, bnt rather of the primitive 6* nudttUary 
groores fused into one (Vide Appendix, page 127, 128, 129a.) 



Oord. 



The moiphologioal ohanges both of -the central canal and of the central grey & peripheial white 
Bobfltanoes, and, on the other hand, the mode of formation of the roots of the nerres, ganglia^ 
and oommissnres^ have recently been inyestigaited, the former sabjeots by Lookhart Clarke^ 
and the latter by Balfour. The following are the resnlts of these inyestigatlons i - 

The gny maiter fUokenB greatly in either lateral half of the oord, and compresses the 
central canal so that the latter assumes the form of an antero-posterior slit. The gzey 
masses of either side then unite opposite the centre of the canal, the canal being thus divided 
into an anterior part, which becomes the permanent eentral canal, and a posterior part| which 
latter, receiTing a septum of coDneotiYe tissue, becomes the posterior median Jissure. 

The wAite substance, which is formed subsequently, accumulates mainly at first in the sit- 
nation of the anterior oolumnfls and, these columns coming to project more & more^ a 
groove, the gradually deepening anterior median fissure^ becomes formed between them. - 
Toward* the oaudal eztremitj, the oentral oanal remains open behind for a considerable time^ 
forming a ImeDge-shaped dilatation, the rAomMdd/ stnusg which is persistent in birds. 

It was generally admitted up till very lately (1) that the spmalgan^Ha 6t*tAe roofs of the 
spinal nerves are developed independently of the cord^ from the same parts as, and just in front of, 
the lamina and processes of the vertebra and the posterior end of the rib formed imme* 
diately behind them, ie.^ from the a$Uerior dr* outer part of a re*ugmented protovertebra (V. 
Skeletal Matrix, Sd h 3d Tablets) ; and (2) that they are subsequently joined to the cord. 
Balfour^B researches in the Elasmo^branch fishes (Soillium & Torpedo) appear however to 
show that these parts are developed as involuted outgrowths of the epiblast of the neural eandU 
The posterior outgrowth, that which forms the posterior root & the ganglion, is the first 
formed i it springs from near the posterior median fissure^ bnt its point of attachment to the 
cord subsequently moves outwards. The anterior outgrowth springs from near the place of 
its permanent attachment. The two outgrowths join one with the other beyond the situa* 
tion of the ganglion. 

The fibres of the roota pass into and through the grey substanoe, and, crossing to the 
opporite side in front of the oentnd OMial, differentiate the anterior or while C9mmissur§ 
from the posterior or grey one* 
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Dr. Allen Thomflon's Deseriptioa of the Derelqsment of theFaee, 



The Hiiiorj of the Berelopment of the Face 4( Heck ia ehrmys more or leM compTicmted by tlie 
diiEerent names whioh are given to each of the aereral arches, and by the diflerent modei 
adopted for ooantiog them. A parallel between; the deacripiion given in the Tablet! 
and that giren by Prof. Allen Thomson in the 8th Edition of Qnain's Anatomy (pages 738 to 
740) will, it is beliered, facilitate the study of this important sabjeot in the aboTo im- 
portent and most remarkable treatise. 

In Dr. Thomson's description, the frontal process and the four arches are first 
divided into two preoruif and four pastoral arches, bars, or plates ; the total nnmber, six^ being 
obtained by ooantiog the upper h lower processes of our 1st arch separately,- the M'ppet 
yvooewMBB belonging to the /rr^m/se^ the lower one to the /w/^ro/ set. The ifarstor saperior 
branchial oleft^ or maxillary dleft^ is further separated from the others as ihe^rvat buud 
aperture; this reduces the number of the clefU between the arches to ikree^ instead fit four. 

The imopreoral arches, ue,^ our frontal process & the upper of the two processes of 
our first arch, are divided into deep k superficial parts. 

In ite deeper part^- the frontal process is designated ^^^ premojdUary process^ and its 
connection is described with the Trabecula Basis Crasm of Rathkt (V. Development of tha 
Bones). In its more superficial part, this processis designated i^efronto^nasal filate^ and tha 
two offsets for tho aim nasi are called the exUmal nasai processes ^ or the lateral or external 
nasal plates* 

In its deeper part, the superior process of our 1st arch is designated the ptery^^ 
palatine arch. In its more superficial part it is called the superior maxillary process^ or the 
maxillary ^te» 

Each of these two proc e ss e s being then referred to as a whole, the terms used are 
respectively the middle 6r external nasal^ and the superior maxillary ; the upper & deeper 
parts of the frontal process, or the trabeculss basis cranii, being further referred to as tbe 
subcranial plates. 

The first of the postoral set of arches, bars, or plates, is the lower process of oar Is: 
arch, which is called itti<^ mandibular^ or inferior maxillary tOit first postoral arch* The deii 

behind this, f>., our second branchial deft, is called Hm first post.^al cleftjOt tympano'^uj^:- 
chian cleft or canal. 

Oar second branchial arch similarly becomes the second postoral bar, further called t u* 
second or Hyoid arch. Similarly also does our third branchial cleft become the si.,-J 
postoral cleft, which is farther designated as they£rj/ true water pctssage. 

The arch behind this, ue., our third branchial arch, is the third postoral arcc, :r 
ihyro'hyoid arch, which ** corresponds with Hie first true branchial arch of amphibia & fLsLe.-.' 
Oar fourth branchial cleft becomes Dr. Thomson's third postoral cleft. 

Oar fourth arch is Dr. ThomzoviE fourth postoral, or suh'hyoid, or cervical arch, Flna*; 
Dr. ThomBon's fourth postoral cleft is the slight notch below or behind the snb-hyoid ar.ii. 
which, if designated nnmerioally, would be oar fifth branchial clef t» 
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DEVELOPMENT of the FACE & NECK. 



The cephalio extremity of the embryo being greatly enlarged, a cavity, that ot the mouth, is 
formed in its interior by the depression of the integument (epiblast) of the face. This de- 
pression first deepens through the projection forwards of the frontal or intermaxillary 
process and of the two divisions (superior maxillary St mandibular) of the first arch. It 
then opens into the pharynxj or upper extremity of the primitive alimentary canalj the 
opening forming the f anoei. 

FRONTAL or INTERMAXILLARY PROCESS. & BRANCHIAL, 

VISCERAL or PHARTNQEAL ARCHES — The branchial. 

visceral or pharyngeal arches are the four processes into which the ventral plates 
break up in the cervico-faoial region. They pass forwards from the upper part of 
the chorda dorsalis, and bend downwards i inwards towards each other. The 
frontal or intermaxillary process is a similar outgrowth which descends in the 
middle line from the front part of the cranium. These processes are separated by 
four fissures or clefts, the branchial clefts. (The term branchial is here misapplied, 
for it is only in fishes that branohiis or gills are developed from these parts). 
The frontal process forms the outer walls St the septum of the nasal fossaa, the central 
part of the upper lip & the intermaxillary bones. It is bifid inferiorly, but its two 
halves subsequently unite. ' Two offsets fh>m its sides curl downwards and then in. 
wards, and form the alio nasi which encircle the anterior orifices of the nares. 
The first pair of branchial arches give off two processes. One, the inferior, forms the 
lower jaw, the other, the superior, forms the upper jaw with the assistance of tho 
frontal process. 

The lower jaw developes much more quickly than the upper one, and its two 
halves are joined together, and, in man, are consolidated into a single piece before the 
three segments of the upper jaw have come into contact. 

The upper jaw is formed by the junction, on either side of tho face, of the frontal 
process with the superior offset of the upper branchial arch. The groove between 
these parts doses in front and forms the nasal duct. 

The month and the nasal fosse are therefore developed tcom the first or sup- 
erior branchial clefb, sometimes called the maxillary cleft. The occasional non* 
union, on one side, of the frontal or intermaxillary process with the superior offset 
of the first branchial arch is the cause of the most common or lateral form of hare* 
lip; hare-lip may however be bilateral. The malformation may also be situated in 
the median line; it is then due to the non-union of the two intermaxillary bones 
and of the corresponding soil parts. 

The tongue appears as a small tubercle behind the inferior process of the first branchial 
arch. From the posterior part of the /Srj/ branchial arch are also developed the 
epiglottis & arytenoid cartilages, the palate bones & internal pterygoid plates and 
also Meckel's cartilage, which latter forms posteriorly the malleus ft possibly also 
the incusi, and then passes downwards to support the inferior maxilla during its 
ossification, but subsequently disappears in its anterior part. 

The second branchial cleft forms the tympanum, the Eustachian tube, the external 
auditory canal ft its appendages. The second branchial arch forms the stapes, and 
also in the neck the styloid process, the stylo-hyoid ligament ft the lesser oornn of 
the hyoid bone. 

The third branchial cleft closes upearly and disappears. The third branchial arch gives origin 
to the body ft the gpreater cornu of the hyhoid bone and to the upper half of the 
'- soft parts of the neck. 

'She/ourlh branchial cleft also closes up early ft disappears. The corresponding arch 
forms the lower halt of the soft parts of the neck. 
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DEVELOPMENT of the NASAL FOS&ffi, 



Tho natal Umnm appear as tftodepresiiomof the integununi of the upper ^cenital part of tht 
face, which part is formed by tho frontal or intermaxillary process, as'explaincd in fore- 
. going Tablet. As this process elongates, these fosse reach little by little their 
permanent k more central position* 

They are at first blind pouches, bat they sooli communicate with the mouth &* phary/tx ; from 
which, however, they are sabseqaently separated in part of the formation of the palaii. 

Their walls are at first of very simple stmctnre : they are formed solely by the mesoUastk 
elements of tho above mentioned process. 

They become more comploz, however, as these elements differentiate into the structures 
descrilfcd in connexion with the development of the skull. 

TIiuf(| after a time : - 

(1). Tho two fosBO) are separated from each other by the mesial plate of cartilago 
& bono (cartilas:o of the septum, perpendicular plate of the ethmoid, ft vomer) which 
plate results frpm tho union of tho two antero-lateral halves of the trabeenliD boss 
cranii of Kathko. 

(S). Their lateral boundaries are formed from before backwards aa follows:- 
Anteriorly, by tlie two lateral offshoots of the frontal process which form the ftlse nasi: 
More deeply^ by those lateral portions of the trabecula) in which are developed tb£ 
nasal, inlormaxiltary, lachrymal, & inferior turbinated bones, & the lateral mass of tie 
ethmoid { And deeper still (and after the formation of the pharynx) by the portion of 
tho upper process of the first branchial arch (or second preoral or pterygo^palaiine arch of 
Dr. Thomson), in which are formed the superior maxillary & palate bones, and tie 
internal pterygoid palate of the sphenoid. 

(3) . Their floor (horizontal plate of the palate bone^ & palate process of the superior 
maxilla) is also formed from tho foregoing process. 

(4), Their roof (cribiform plate of the ethmoid) is formed from the trabecule 
basis cranii of Bathko, 

Note ^ It is still uncertain whether the olfactory nerves are dereloped as 
ofishootstrtan the olfactory hulhs, or whether they are formed ixom jp^pJiersl 
tficsodlastk elements, as are all other nerves except the optic 
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DEVELOPMENT of the EYE. -1st Tablet. 



The eyo ia dereloped from the three following sonroes s - 

Primary OpUo Vesicle, ft Optic Cup - WMoh form the opuc icm^^, the retina^ 

& the pigmentary layer of the choroid; 

Cuticle of the Face - Which forms the lens^ and the epithelium of the conjunctiva 

&* cornea; 

Mesoblastic Elements intervening between ft around the Above 

Mentioned Parts - Which elements form all the other structures. 



ITS APPENDAGES - Are developed as follows i - 



Eyelids - As two folds of integument, which rise np above k below the 
eyeball^ and then adhere to each other till abont the time 

of birth. 

Lachrymal Canals, Lachrymal Sao, ft Nasal Duct - As a 

persiatent part of the fisBnre between the frontal or inter- 
maxillary process and the upper of the two processes given 
off by the first pair of branchial, visceral, or pharyngeal arches. 

(V. Development of the Face.) 
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DEVELOPMENT of the EYE.— 2nd Tablet. 



PBIMABY OPTIC VESICLE, ft OFTIO CUP (or CUPS). 

The primarj optio vesiole !b a flask-shaped oatgrowth of itoA porfcioii of the anterior oerehral 

Teade which forms the optio thalamns. 
Its pedicle beoomee filled up with neryoiui anhitaiice^ and forma the e^Oc merve^ and, hf 

joiniiig with its fellow, the optic eommitstm. 
Am it expands, the primary optic resiole comes in contact with the lem alreadj fonned in 

front of ft a little below it, as hereafter explained. 
The lens is ft-eqnently said to press npon the primary optic resicle so as to (1) inTsginate its 

lower ft anterior half into its upper ft posterior half, and thus (8) obliterate its caTitj. 
Whaterer explanation be given of the change, the antero-inferior aspect of the primary (^o 

Tesiole comes to present a depression or cnp, a gradually deepening depression or cnp, 

the opHc cup (Foster ft Balfonr) ; and the more this cnp deepens, the more is the caTitj 

of the piimary optio vesicle encroached npon. 
innally the waUs of the optic cup come in contact with the posterior ft upper walls of the 

primary optic Tesiole. 
Then, on the one hand, the cavity of the primary optic resicle has ceased to exiat, and, on the 

other hand, there are really two cnps, of which the first one, the lower or smaller one, 

the cpHc asp, is included within the other, nppor, or larger one. 
The lower or smaller cnp, or optic cup, thickens considerably, and becomes the retina. 
The upper or larger cup remains relatirely thin, and forms the p^gmcu/ary layer of the ckcniL 

The brims of the two cups are continuous one with the other. They form a cirole or ring 
which clenches the upper ft lateral portions of the droumferenoe of the lens. 

The lower ft central portion of the circumference of the lens is not clenched. And hare ths 
ring presents for a time, a notch, fissure, or deft, the choroidal cleft* 

This cleft passes backwards towards, and probably even into, the optio nerre ; as pigment 
is deposited all around it^ the cleft itself oomes to appear as a white line on a dark 
back-gpround. 

It is through this cleft, that, as hereafter explained, mesoblastto elements penetrate between 
retina ft the lens to form the yitreoas body with the hyaloid membrane ft the aonnla 
of Zinn, the posterior half of the capsulo-copillary membrane with the dliary pr ooe escs ^ 
and probably also the posterior lamella of the capsule of the lensi - also, probably, in 
mammals (Ldberkiihn), the arteri% centralis retinas} this artery resulting from the 
intrusion of mesoblastic elements far back into the optio nerre by meau of a pro- 
longating backwards of the choroidal deft. 

Kormally the choroidal cleft doses up early. When it persists, it giTOS rise to the mal- 
formation termed colobonuu 

Notes. 

The optio cup has frequently been called the ucmuUtiy cjtic vnick, 

Tht pigmentary layer e/the choroid ii now usuallj dSMnbed aa the omter Agwr ^the trtiu, 

CUTICLE OF THE FACE 

Becomefl thickened in its deeper layers, depressed, and finally inTaginated io as to form a 
olosed sao or hollow ball. This dosed sao or hollow ball becomes the ieits (Y. Kezt 

TaUci> 

MESOBLASTIC ELEBCENTS 

Interrene in three situations: - 

between the optic cuf &* the lens, to form the titreous tiody With the hyaloid Inem* 
brano ft the sonula of Zinn, the posterior half of the capsule- pupillary membrane with 
the ciliary processes, and probably also the posterior lamella of the oapsnie of the 
lens ; - also, probably, in mammals (Lierberkfihn), the arteria oentralis rettnss ; thia 
artery resulting from the intrusion of mesoblastic elements far badk into the optio 
by means of a prolongation backwards of the choroidal deft. 

Between the lens &* the integument of the face, to form the oomea» the iris, the 
lor half 0^ the oapsulo-pupiliiuy membrane, and probably also the anterior lamella 
c^ the capsule ft the suspensory ligament of the lens. 

Around the eyeball^ to form the lamina Jusca, the yenoaa ft capHlary layers of 
the ohordd, the dliary musde, the sderotio with the mnioles altadied to iLe latter, ft 
the conjunctiira. 



\ 
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DEVELOPMENT of the E7E,— 3rd Tablet, 



Details of the Development of the Lens. 



The development of tbe lens from the closed sao or hollow ball of outiole already des* 
cribed talcea place as follows : 

Except towards the periphery of the organ, the cells derived from the superficial 
or comeons layers of the cuticle undergo bnt little change i - they remain as a 
single stratum of flattened, polygonal, nucleated cells lying beneath the anterior 
lamella of the capsule. Here they form the anterior boundary of the small cavity 
of the lens, which cavity is soon obliterated. 

Towards the periphery of the lens, these cells elongate slightly, and pass llltle 
by little into the stratum of proper lens-fibres. 

These proper lens-fibres are formed by the elongation, and by the rising up in 
the vertical direction, of the mass of cells from the deep layer of the cuticle which 
liue the lateral & posterior walls of the lens cavity. 

The more central of these cells elongate and rise up first, then comes the turn 
of the more, and finally that of the most, peripheral ones, - which latter elongate 
but slightly, and pass little by little into the stratum of flattened, polygonal, nuclc. 
ated cells, above described as derived from the corneal layer. 

As the cells elongate and rise up to become fibres, they carry forwards tbclr 
nuclei. These nuclei, at first everywhere very distinct, soon cease to be apparent 
eioept towards the periphery, where they constitute the nuclear tom. This sono, 
first situated towards the posterior aspect of the lens, advances slowly therefore 
towards the anterior aspect. 

Now appear both the radiating lines separating the segments of the superim- 
posed laminsd of the lens, and the anterior & posterior poles of the organ ; both 
these radiating lines A the poles are made up of granular collections of the cells, to 
the margins of which collections the extremities of the lens-fibres are soon clearly 
traceable. 

Note. - '^^capsulihpuffiilary membrane is a delicate vascular investment 
ol the lens, supplied on its posterior aspect by a branch of the 
arteria centralis retina. Its fore part adheres to the margins of the 
pupil, and forms the pupillary membrane. Both structures dis. 
, appear when the anterior or aqueous chamber begins to expand, fV., 
a Ultle before birtb« . ^ 
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DEVELOPMENT of the EAR.— l&t Tablet. 



The 86Teral parts of tlio wr are deroloped from the following sourocs, respectiTel/ 1 « 

INTERNAL EAR - From tAret sottrc<s, as follows : - 

I Membranous Labyiinth. (Minus m Outsr Wall) - From the primary 

mtditory wsicU^ which latter is derived from the cutkU of the side of ike fuad. 

08860T18 Labyrintll ^ From' the primitive eartilast of the base of the skvIL - 
The modiolus A the hmina spira/is aj^ar, howeyer, to be developed m memhram 
\ (Eollilcer). 

Its PeiioBteumi Space for the Perilymph, Scalse Vestibxdid; 
Tympani of the Cochlea, ft Outer Wall of the Membran- 
ous liabyrinth ~ From oonneotiTe tissne interreaing be t ween the 
Tesiole h the oartilage. 

TYMPANUM, ft EXTERNAL AX7DITORY CANAL -As a peniaieat partof 

the second branchial clefts - or of the^jf posloral clefts aooording to Br. Altaa 
Thomsoa'a mode of oountiBg the oerrioai arohes h clefts. 



I :h ; I : 



IRANA TTMPANI, OSSICLES, ft PINNA -From VdBtmmj^ arM 
arches, - or, aooording to Dr. Thomaon'a mode of oonnting^ firoa Attwefr^ 
posloral arches* 

The Malleus is developed in ih^ first cervical or first postmrml mrrk from t^ 
proximal part of Meckel's cartilage. The PimcA, the SxAns^ & Scavxmcs 
MuscLB, and probabl/ also the iNcus^ are developed in tbe back pazt of u« 
Mcond cervical or second fiosloral arcJL 
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DEVELOPMENT of the EAR.-2nd Tablet. 



DETAILS of the DEVELOPMENT of the INTERNAL EAR, from the 

Primary Anditory Vesicle - The hiBtory of this vcBioie is as follows : - 

A depression or pit appears very early on the side of the head. 

It is soon covered in, and transformed into a closed sao, the primary auditory vtsicle. 

This Tesicle sinks in,. or recedes, towards the back part of the 3rd cerebral vesiclo, 
or fntnre mednlla oblongata, with which it becomes connected by means of 
the anditory nerve. 

The primary auditory vesicle now develops as follows into the membranous 

labyrinth : - 

Its central part forms the vestibule. 

The essential part of cochlea, the cattatis mentbranacea^ is formed by a 
prolongation of the vesicle downwards &, forwards, which prolongation is first 
straight, but afterwards curls upwards upon itself. - Differentiations in the 
epithelium of the floor of the canalis mcmbranacea give rise to rods ofCortit etc. 

The semiciratlar canals appear externally as linear projections, internally 
as furrows, which fnrrows are transformed into canals by the bending in of 
walls of the vesicle under them. 

TheAaueductus Vestibu/tia formed by a prolongation upwards A backwards. - 
This aqneauct is permanent in the lower vertebrata. 

Primitive Cartilage of the Base of the Skull. 

The ^eriotic cartilage is formed from the lateral portion of the investing mass of 
Rathke (V*. Cartilaginous Skeleton). 

Comiective Tissue intervening between the Vesicle ft the Cartilage. 

This divides into three layers : - 

The outer layer forms \^^ periosteum of the osseous labyrinth* 
The inner layer forms the outer layer of the membranous labyrinth* 
The middle layer swells up into a gelatinous tissne, the meshes of which 
become wider & wider till at last the whole space which ultimately contains 
jAm/v//i/^,- which space includes the siala ves:ibuli 6r tympani of the ooohlea,- 
in left as a vacuity. 

ZTotes - The'auditory nerve appears to be developed from peripheral 
mesoblastic elements, not as an outgrowth from the nerve-oentres. 
As the cochlea curls upon itself, so does olso the gangliform ex- 
tremity of the cochlear nerve, whioh latter becomes the gan^Kon 
spirale. 
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X>BVELOPMENT of the HEART.-lst Tablet. 



GENERAL VIEW, 

The heart Ib doreloped from the splanchnoplonre layer of the meiobUuiti in front of the vppw 
portion of the primitive alimentar/ oanal. 

It appears at first as an elongated mass of embryonio cells. 

The liqnefaotioQ of the more central uells, or their separation firom eachother| tranaforms this 
mass into a straight longitudinal ntriole or sao. 

This sao is at first widest behind^ and narrowest in front. 

From its anterior or upper end an arterial trunk arises, the two terminal divisions of which tmok 
first ourre backwards on either side of the pharynx ft below the protovertebrn, and then join 
together to form the abdominal ft thoraoio portions of the aorta (Y. Arterial System). 

' To its lower or posterior end a venous trunk is added, which receives the omphalo-mesenterio 

veins. 

Its walls differentiate into fibro-mascular ft epithelial layers, and its contents, - imperfeotlj 
formed blood, - are propelled forwards by alternating movements of systole ft diastole. 

The primitively straight tube now becomes elongated ft bent open itself, and divided by two 
constrictions into three portions, ventricular, auricular, 6r arterial bulb. The ventricular 
portion bulges out, thickens greatly, and becomes more ft more developed inferiorly. The 
auricular portion comes to lie above ft behind the ventricular j its walls remain re^atirelj 
thin ; direrticula from its sides form the appendices auricula* 

m 

No further change takes place va. fishes. 

' In reptiles, birds, mammalia &* the human subject, a septum dividing the auricular cavity into two 

is developed partly from before backwards ft partly from behind forwards ; but it ia not com- 
pleted during foatal life, an apertnre remaining, \h^finramen auale^ through which a partial 
admixture takes place between the arterial ft the venous blood* 

In birds, mammcUia, &* the human subject, a septum dividing the ventricular ceanty into two 
commences at thea^jr of the heart, extends upwards^ and joins with the septum whioh divides 
the arterial bulb into aorta ft pulmonary artery. 

Notes. 

, As the abdominal ft thoracic portions of the aorta are formed by the fusion of 

the two parallel ft adjacent primitive vertebral arteries (See Arterial 
System), so also would it appear from the investigations of KolUker & 
Hensen that the heart consisted primitively of two adjacent tabes each 
connected posteriorly with a vein and anteriorly with an artery, which 

\ tubes became united into one at an exceedingly early date. 

\ In the cold-blooded pnlmonated vertebrata (reptiles &* adult amphibia) the 

' ventricular cavity does not divide^ except to a slight extent in Sauriana 

|i As regards the warm-blooded pnlmonated vertebrata (birds, mamma/k, 
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&* the human subject) the common auricular cavity presents the exteraal 
appearance of lieing divided into two at a period antecedent to that 
of the partition of the ventricles. It would appear, however, that thii 
is but an optical illusion due mainly to the projection of the auricular 
appendices, and that, in reality, the partition of the oommon 
precedes that of the oommon auricle. 
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DEVELOPMENT of the HEABT,~2nd Tablet. 



DETAILS OF THE PROCESS. 

Division of the Common Auricular Cavity into Right Auricle ft Left Auricle, 

Takes place partly from before backwards, and partly from behind forwards. 

A fold of the npper & anterior walls passes downwards & backwards to a little beyond the 
middle of the cavity. This fold leaves below & behind an oval defioienoy, t^'Q foramen 
ovale, to the anterior margin of which the Eustachian valve soon becomes joined. 

A fold of the posterior wall now projects forwards to the left of the foregoing. As it ad- 
vances, this second fold meets the first one, adheres more A more to its free margin, and 
thas closes up the foramen ovale. Barely however, at least during festal life, is the 
adhesion of the two folds complete, and the closure of the foramen perfect. A small 
aperture nsaally remains at the anterior part. Bat the posterior fold advancing beyond 
the free margin of the anterior one, a valvular arrangement is created, which prevents 
the passage of the blood from one aarlcle into the other. 

Division of the Common Ventricular Cavity into Right Ventricle ft Left 

Ventricle. 

The interventricular septum appears a little to the right of the apex of the heart, in the 
shape of a clefi^ when viewed from the exterior, in the shape of a cresceniic Jold^ when 
viewed from the interior. 

Externally, the cleft first grows deeper & deeper, and then becomes somewhat effaced. 

Internally, the orescentio fold projects more k more towards the common anriculo«Tentricular 
opening & the arterial bulb, and then joins with the septum which divides the cavity of 
the bulb into two. 

Division of the Arterial Bulb into Aorta ft Pulmonary Artery. 

Is effected by the projection inwards, on the anterior & posterior aspects of the distal 
portion of the bulb, of two folds of its inner & middle coats only, - therefore without 
the appearance of any external cle/t. 

As soon as they are joined together, those folds pass downwards in a spiral manner towards 
the ventricular septam, with which they unite. 

The lumen of the bulb is thus divided into two canals twisted round each other: The more 
anterior canal, f>., tho pulmonary artery, becomes connected below with the right von- 
tricle ; above, it passes to the left of, and somewhat behind, the other canal, ue.^ the 
aorta, which becomes connected below with the lefb ventricle. 

A splitting of the septum into two layers completely separates the two ressels, except as 
regards their common serous investment from the pericardium. 

The distal extremities of the two canals become connected with the first & second cervical 
arches respectively, - or with the fifth & fourth cervical arches according to Dr. Allen 
Thomson's mode of counting these arches. 

Formation of the Valves. 

'"he auriculo'ventricular valves appear in the form of complete annular folds, 
which divide superiorly into their respective segments and break up infer- 
iorly into the chorda tendinece. The semilunar valves, similarly formed, show 
early traces of their trifid division. The sinuses of Valsalva appear at a 
later date. 

ITote ~ ^o festal heart is larger, in proportion to the size of the body, than 
that of the adult ; and its auricular portion is larger than the ven- 
tricular, first absolutely, then relatively. Up to near the time of 
birth, the walls of the right ventricle are as thigk as those of the left 
one. 

P. 
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EMBRYONIC CXBCULATION 



CoDSiBts of tho cironlation of the embryo proper^ and of the collateral (droalation of its two 
BTiccessive eets of nntritive ft respiratory appendages, the nmbilical Tesicle on the one 
hand, and the allantois, chorion and placenta on the other. 

COLLATERAL CIRCULATION of APPENDAGES of EMBRYO- 

Presents two dlBtinct ft successire stages, the vitelline and the allantoic or placental 

VITELLINE CIRCULATION — Appears in the middle germinal layer of the 
blastodermic membrane at the same time as, bnt independently of, the Tessels of 
the embryo proper, and constitntes the area yascnlosa : - linear series of oells dis- 
posed in a radiating network become transformed, by central ft peripheral differen* 
tiations, into a plezns of blood Tessels, which plexus is bounded at its ciroamferenca 
by a circular venous vessel, the sinus terminal ts. 

This plexus becomes connected with the vessels of the embryo, first through nnmenrai 
small vessels, and then through the vitelline or omphalo-mesenterio art-eries k 
veins, which vessels emerge from or enter either side of the embryo; after a time 
the right omphalo-mesenteric artery ft the right omphalo-mesenteric Tein shrink 
ft disappear, the vessels of the left side alone remaining. 

The degree of extension, and the persistence, of the vitelline circulation vary in different 
animals with the size ft duration of the umbilical vesicle. The vitelline circuls- 
tion is transitory, unimportant, and probably mainly respiratory, in the mammalis; 
in birds, on the contrary, the vitelline vessels project twigs into the substance of the 
yolk, and persist up to the period of hatching, and even for some time afterwards 
until the whole of the contents of the yolk are absorbed. 

ALLANTOIC, or PLACENTAL CIRCULATION — Appears with the allaa- 
tois, which latter conveys the umbilical vessels towards the surface of the ovum. 

The umbilical arteries are at first two small lateral branches of the aorta, which 
branches are however soon transformed by successive variations in the diameter of 
the vessels, first into the two terminal divisions of the aorta, or common iliacs, tbei 
into the internal iliacs, and finally into mere branches of the latter. 

The umbilical veins open into the omphalo-mesenteric. 

Those vessels ramify in reptiles ft birds on the outer surface of the allantois beneath 
the shell ft shell-membrane, and form in the mammalia the vessels of the ohorioa, 
foetal part of the placenta ft umbilical cord; the right vein disappeaiing howarer 
before the completion of the placenta. 

Note - The course of the blood in the aduHt foetus is given, page 18. 
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Motes. 



It is beliered hy some tbafc the two ompMo'ttusenteric arteries are prim- 
itively the oontinnation of the two primitive vertelnrals, b/ the 
nnion of which the aorta ia formed. 

(The separate description of the Collateral Circulation of the 
Embryo will be found, it is believed| to simplify considerably the 
whole snbject of Fatal Circulation), 
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Dr. Allen Thomson's Description of the Cerrioal Arches. 

It 18 beUered thai the following remarlcs will facilitate the etady of the above nibjeot wm treated 
hy Dr. Allen Thomson in the 8th Edition of Qnain'a Anatomy, pages 793 to 796. 

1. - The two nppermoet ardhei are enoh transitory straotnres that little posfttTS 
information has yet been gained respecting themt Dr. Thomson refrains from dealing 
with them as rtgeurds their uUimait tramformaiions* 

2. - Of the three lower arohes, the transformations of the lowest one are made ont clearly, 
those of the one above^ less dearly^ and those of the one higher stil], somewhat imperfectly. 

8. - The lofwesi archt - (the one called \h% fifth by Dr. Thomson, who connts the arches 
from before backwards, f>., in the order of their formation, - the one called the j£n/ in the 
Tablets^ where the arches are counted from behind forwards, or from the last formed to the 
first formed*) disappears entirely on the right side, and forms^ on the left side, both the 
pulmonary artery, and the ductus arteriosus: - The part nearest the heart forms the tnmk of 
the pulmonary artery, which tnink becomes connected below with the anterior or polmonaij 
division <tf the primitiye arterial bulb, and, higher np, giTcs off the right ft left pulmonary 
arteries as two lateral branches. The more dSital pwrt forms the ductus arterhsus, 

4. - The arch aboTO this - (Dr. Thomson's fourth arob, - onr second arch) forms^ on 
the left side^ the aroh of the aorta. 

6. -> On the right side^ followiag Coste 4k Longet^ we have described this aroh as dif- 
appearing entirely. Dr. Thomson, on the oontrary, following Bathke, dee orl b eo it sa 
disappearing in its distal portion only, and as fanning m its central portion both the innom- 
inate arteiy h the first part of the right sobdaTian. 

& - From this pointy the two descriptions differ considerably : Dr. Thomson takes the 
C^erman Tiewi we have ti^en the French Tiew. 

They differ mainly with respect to the snbdarians, rertebrals, h internal carotida : - 

7. - The aitsh above the one jost described (the third one both from before backwards 
h from behind forwards) becomes the sabclarian in our description, the commencement of 
the internal carotid in vr, Thomson's description* 

& - This somewhat wide diTergenoe is aoconnted for by the two following f acts^ namely : 

9L • Dr. Thomson's snbolaTians,- with the exception of the first part of the ri^ht sah- 
daTian, - (and also his vertebrals), are entirely new stmotnres, i^.^ stmctnres dereh^ied 
independently of the cenrical arches. 

10. - Dr. Thomson's common carotids (and also apparently his external carotids^ are 
formed firom the <* anterior aortic roots/' f>.j from the common ascending trunks troai 
which the arches arise in front. 

11. - On the other hand, the upper part of Dr. Thomson's "posterior aortic roota," (or the 
trunks into which the arches open posteriorly), t>., what we have called the primsithm verk- 
hralst form the terminal part of his intconal carotids, while the lower part of ttie sane 
roots disappear. 

12. - In our description, on the oontrary, the *' posterior aortic roots" form suferkrif 
at^permanent vertebrals^isk which the current of blood becomes rerersed as soon asthe&ra archei 
(the suboUvians) enlarge^ - and inferiorly the superier intertostah, 

• /.#., fxxm those vtkm mitimate trtmifermmtiam are hest ktufwm, to those whose utttants tn»- 

fonnsUoiis SIS {nttt * 



147 



CIBOULATION of the EMBRYO PROPER -1st Tablet. 



ARTERIAL SYSTEM. 



Besnlts from the metamorphoBes of the primitive vertebral arteries & of the fire pairs of 
cerYioal arches, and from the extension of arteries into the limbs. 

The cerrical arches arise from the anterior or aortio division of the bnlbos arteriosus, or 
arterial trunk at the anterior extremity of the heart. Carving backwards on either 
side of the pharynx they open one behind the other into the descending portion of t\» 
first arch, all joining to form one common descending trank, the ^imitive vertebral artery. 
They appear snccessively from before backwards, the first ones becoming modified 
before the following ones are formed. 

The common descending trunk, or primitive vertebral artery^ curves backwards towards tha 
vertebral column, where it meets with its fellow. The two trunks then descend side by 
side along the whole length of the spine, subsequently uniting from before backwards 
to form the thoracic & the abdominal portions of the aorta (Seres), and also, probably, 
the arteria sacra media. 

At first the five arches conveyed the blood from the heart to the primitive vertebral arteries 
& the aorta. And this condition remains permanent in fishes, in which the cervical 
arches (then termed the branchial arches) give off the vascular tufts to the gills. 

The cervical arches, counting them from behind forwards^ or from the last formed to the first 
farmed, * are subsequently modified in mammalia as follows : 

First Aacn - Disappears on the right side. Forms on the left side the trunk of 
the pulmonary artery, ft its continuation the ductas arteriosus. 

Second Abcii - Disappears on the^right side. Expands on the left side into the 
arch of the aorta. 

TliiRD Abch - Develops, as the upper limbs are formed, into the subclavian ar- 
teries ft the innominate trunk. The subclavians, at first small transverse 
branches joining the 4th arches (carotids) to the primitive vertebrals, grow 
in length with the upper limb, rapidly increase in size, and become the 
trunks from which the upper ft lower portions of the primitive vertebrals are 
given off. 

The upper portions, the current of blood in their interior having been 
reversed, become the permanent vertebrals. These latter arteries are at first 
separate along the whole of their coarse ; it is only after a time that they 
join together within the cranium to form the basilar. 

The lower portions lose all immediate connection with the aorta, and 
become the superior inlercostals. 

Fourth Abches - Their ascending portion forms the carotids, 

FuriH Arches - Remain at the base of the brain as the posterior communicating 
branches of the internal carotids (Dalton), which branches connect these trunks 
to the basilar arteries formed by the junction of the upper part of the 
two permanent vertebrals. 

* /.#., from those whou ultimate transformationt are best Jhumm to those whoM 
ultiniate transforinations are /east kncwn. V. Appendix. 
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CIRCULATION of the EMBRYO PROPER -2nd Tablet. 



VENOUS SYSTEM 

Ii the result of the metamorphoses of the cardinal or Tortebral reins and of the Titellioe k 
umbilical yeins, and also of the extension towards the heart of the Teins of the lower ei« 
tremities, which extension forms the inferior rena oara ft the iliaos. 

CArdinal or Vertebral Veins - Are fonr symmetrical A parallel Teins, two anperior k 
two inferior, which lie on either side and along the whole length of the spin&l 
column, and conrerge towards the heart; those of either side joining to form two 
short tmnks, the canals of Garier, which open into the avricnlar portion of tli« 
heart on either side of the Titelline or omphalo-mesenteric Tein. 
The cardinal reins receire nnmerons intercostal veins from either side of the body. 
When the npper limbs are developed two of the saperior intercostal Toxna enlar|;t 

greatly, and become the snbclavians. 
The portions of the superior cardinal veins sitnated above the inbolavians then bft* 

come the internal jugular veins. 
The portions situated below the snbolavians are developed as follows into the ngbt 
innominate, superior cava, A left saperior intercostal : — 

The left innominate vein is at first a small commnnioating branch which 
descends obliqnely from the left npper cardinal jnst below its janction with the 
subclavian, to the lower part of the right npper cardinaL This oommnnieatiDS 
branch enlarges while the part of the lelt npper cardinal sitnated below it, dimi* 
nishes. The former then conveys towards the heart, first the gpreater part, then 
nearly the whole of the venous blood from the left side of the head A nec^ and 
, from the left npper limb, and takes the place of the latter. - The latter, its com- 

• munication with the auricle being interrupted, and the oonrse of the blood in iti 
interior being reversed, then becomes the superior intercostal. 
, f , The portion of the right superior cardinal vein oompiised between the right 

: • / subclavian A the newly formed left innominate, now becomes the right innomioAte. 
y The portion of the right superior cardinal vein situated below the left inoom* 

inate becomes the superior cava. 
The right inferior cardinal vein forms the vena asygos major. 

A communicating branch which passes from the left lower cardinal to the right 
; lower cardinal, conveys to the latter the blood from the five or six left lower inter* 

costals, and forms the vena asyg^ minor. 
The left duct of Cuvier disappears, its central portion remaining however ai the 
coronary sinus, or dilated terminal portion of the great oardiao veiiiy and the 
communication between the left lower cardinal, as well as that between the lefi 
npper cardinal A the heart becomes obliterated. 

VitelUne ft UmbUical Veins -vide next Tablet 

Veins of the Lower Limbs & Inferior Cava - As the lower limba are farmed, th«r 

terminal venous trunks develop from below upwards independently of the ioferior 
cardinal veins, and ascending between these, join with them by small branchei, 
which become the lumbar veins. They then converge, constituting the oomnoa 
iliac veins, which join to form the inferior vena cava. The inferior vena can 
ascends on the right side of the aorta, and opens into the anrionlar portioB of the 
heart by joining with the npper part of the vitelUne or omphalo^OM 
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Tlia Cteidlnal Tdnl and (htir trlbntaiiu, and tbs Taioi of lh« Lowsi Llmtn (aftet Dalian). 



I tm Dr. Allan Thomaon'a Daacriptlon of the Pevelopinent of _ the VelM, 

(In Quxuc'g Ahitomi, Sth Edition, pagM 796 to 79S]. 

In tbls dosoriptian, tbo term "cartUnal" ia restriat«d to oar two /guvr caFdiaalii. Our two ^ftr 
omrdiaal rtiasBxeot.nBU'be two firimitniejiifulari! and of thoM it is skid (probably thmsgh 
a miiprint] that, in tho great<r part of their exlent, the^ develop into the txliriiai jagaUrat 
it ahoold be the inltntal ju^Ian, and the conteib ilioirs that that ii what the AotliB' 
meant. 

The ImvtU ftrtion ol the two cardinals, - or inferior oardinaU, aa wo bars called them, - an 
■aid to beDame the two tniimal Uuici. 

The terms "vtnahipaticaadhevmtts" and "venahrpatka rthtvmttt" are applied to the direr^nf 
and conrergiD^ branohea of the left ompbalo-meaenterio vein within the liver; andtli* 
rlgU h left branches of tha portal vein are said to be developed from the former vdnl. 
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TlM P<atal OioiilBtlon [a(Mi D*lton). 



The " O wnmon In ferior OaTal Trank. 

Tbfl two atatauientB sufflaiantlr oorreot in ordinkr^ Anatomy, namelj, "liat lie ktpatU vata ifn 
inla Ikt iii/erhr vena cava," &&d " tiai lie in/erur vena emia efau itUe the auriadar forlvn ^ 
file heart" are WMiraelj oornot in embiToIog? ( tjnoo tlie Infarior Ten* c«t> i* a tcid of 
■eoondar]' formttion, Ths oorreot itateinsat ia that bath the hapktio raina (o( whiob the Ui 
one receiTM the duetiu arttrwia) A the ioferior Tona cava open into the u/^fer fart 1/ lii 
UJI or pernsleni emfiaie-iaettiUeric Tsin, the tipper pertieit e/iehieh latter vetit U is lAat ^ensal' 
the auricular pfrtun eftht htart (Tide nest Tablet). - In tlie Tablets, the luine "Conv 
iHmiOK OiTAi TtURK" hat beaa giren to thii upper pari 0/ the lefi cr fenutetU rmfielh 
meteiiterie vein, which ncmee the hepatic vehtt &• the infiri^ vena cava ; and It U beliersd tbi 
the adoption of this term -wottld lead to greater aoonrat^ of deeoriptioD thaa gcnenUj , 
pramlli, wlthoat, howerer, entailing the diiadrantage of a too onmbrone dMoriptiob 
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CIRCULATION of the EMBRYO PROPER- 3rd Tablet. 



VITELLINE Ss UMBILICAL VEINS, & FIRST PORTAL CIRCULATION. 



The left or persiBtest yitelline or omphalo-mesenterio Tein opens at first into the oommon 
anricle between the ducts of Cnvicr, and then, af . er the separation of the two anriolcs, 
into the right aaricle between the same dacts, which latter have now become trans* 
formed, the right one into the superior vena cava, & the left one into the coronary sinus. 

A little below the heart, it recoires the inferior v£na cava. 

A little below its Junction with the inferior vena cava, it ii snrronnded by the liver, in the 
interior of which it breaks np into a capillary plexns, the branches of which plems again 
nnite into venous trnnlcs, the hepatic veins, which latter open into what we have 
called \Yi^* common inferior caval trunk* (Y. note at bottom of previous Tablet).- The 
portal vein is now constituted in liBjlrst or primitive form. 

This first portal vein receives its blood mainly cU first from the umbilical vesicle: • The umbilical 
vesicle is now at its maximum, while the intestine & spleen are still undeveloped: 
therefore the omphalic branches of the omphalo-mesenterio vessels, fV., the branches 
which proceed from the umbilical vesicle, must predominate over the mesenteric branches, 
f.^., over those which proceed from the intestine 6r* spleen. Subsequently, as, on the one 
hand, the intestine ft spleen develop, while, on the other hand, the umbilical vesicle 
becomes exhausted, so also does the relative importance of the two first sources of the 
portal blood become reversed : - After a while the supply from the mesenteric branohes 
oomes to exceed the supply from the omphalic brant hes. 
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CIRCULATION of the EMBBYO PROPER— 4th Tablet. 



VITELLINE ft UMBILICAL VEINS, ft SECOND PORTAL dBGULATlON. 



The allantoic Tenclo now appears^ and soon predominates in size & importajioe otot tbd 
nmbilical. It carries ont with it the two umbilical arteries, and brings back the two 
umbilical veins, of which the right one, howoTor, soon disappears. 

The left or persistent umbilical yoin joins with the left or persistent omphalo-mesentenc 
▼ein in the substance of the liver, and takes, as the allantoic vesicle increases in ais 
while tho umbilical vesielo diminishes, a more & more important share in the formBtkm 
of the portal capillary plexus. - It supplies the loft lobe entirely, and sends a lar*t 
communicating branch to ihe omfihaio^mcscnicrk vein, which branch partly supplies the 
right lobe. 

There are now (wo portal vnnt* 



151 



CIRCULATION of the EMBRYO PROPER -5th Tablet. 



VITELLINE ft UMBILICAL VS., ft PERMANENT PORTAL CIRCULATION. 



The liyer soon receires more blood from the umbilical yein tlian from the Titelliii^, and 
it probably soon receives more blood than it requires. Its vessels are then relieved as 
follows : - 

A communicating branch, the dtutus venostis, formed by the dilatation of one of the hepatio 
capillaries, joins the nmbilioal vein to the 'common inferior caval trunk,' and conveys 
part of the blood from the former directly to the inferior vena cava, & to the heart. 



At birth, both the irunk of the umbilical vein k the ductus vcnosus become obliterated, while 
the branches of distribution of the umbilical vein, A iia communicating branch to the omphalo- 
mesenteric yein persist; the circulation in the latter branch being, however, reversed. 

The portal system is then definitely constituted by : - 

1. The mesenteric branches 6r* trunk ofthi left or persistent omphalo-mesenleric vein, - 
the small portion of the trunk contained in the 'liver becoming the right branch oj 
bifurcation , or the branch to the right lobe, 

2. The branches of distribution of the umbilical vein, and the communicating branch 
between this vein 6* the omphalo-mesenteric, which communicating branch becomes the 
left branch of bifurcation of the portal trunk, or the branch to the left lobe. 

Note - It is believed that the separate description of the three stages of the 
portal circulation will facilitate the study of this diflScult subject 
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THE INTESTINAL CANAL 



Is nothing more at first than the upper A smaller portion uf the blastodermic reside or jolk* 
sao, which upper portion is progressivelj enclosed in the abdominal oaWtj of the embrjo 
by the bending downwards & the curTing towards each other of the ventral plates, and is 
thus separated at the nmbilicns from that lower & larger portion of the same which be- 
comes the umbilical reside. 

Its walls are formed from the middle & inner layers of the blastodermic membrane.* They are 
soon separated from the sides of the embryo^ a closed seroos sac, the peritonenm, beisg 
formed between the two. 

The intestine is now a narrow tube dosed at its cephalic A oandal ends, straight longitndinallf 
(i.e.| occupying the median line of the embryo), but cnrred forwards at its middle towards 
the umbilicus, where it communicates with the umbilical reside by a gradually narrowing; 
canal, the ritelline duct. This communication persists in birds for some time after tb« 
chick is hatched. 

The part abore the umbilical bend forms the stomach & the greater part of the small intestlne.t 
The part below the umbilical bend forms the large intestine A a portion of the small. 

The stomach is at first straight, but it soon expands greatly to the left, and then oarres fcrana* 
rersely to the right, where an annular constriction forms the pylorus. 

The duodenum ag^in turns to the left. 

Below this the small intestine proper grows greatly in length, and becomes exceedingly con* 
roluted, the peritoneum forming the mesentry behind it. 

The large intestine increases slightly in length but greatly in size, and encircles the former. ^ 
At the point of junction of the large & small intestines a conical tapering dirertienlaa 
appears, which afterwards enlarges superiorly into the caput ccecum coli, while inferior^ 
it elongates into the appendix rermiformis. 

The stomach soon communicates with the cesophag^, which is formed independantly abore i(.« 

Inferiorly the rectum opens into the cloaca, or common outlet of the digestire, urinary & re- 
productive tracts, which itself soon opens externally. The rectum is subseqaentlj sepa* 
rated from the genito-urinary organs by a transverse septum, the perintenm. 

The ralrulss conniventos of the small intestine & the pouches of the Uurge appear » little after 
the middle of festal life. Villi then exist throughout the intestine, but they aabsequenilf 
disappear below the ileo-CGOcal valve. 

Notes. 

* /^., from the splanchnoplcure & the hypoblast. 

t And aleo, according to the more modern view, the pharynx it the CBsopha^. 

} This is the older view. Accordiag to the more modern view, the pharynx i 

the Gssophagus are derived from the same source, and are formed at i--~ 

same time, as the abdominal or intestinal portion of the alimentary caoAl; 

and it is the pharynx which comes to communicate with the mevth at !v 

fauces. (See page 184 ) 
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ITS APPENDAGES.-AIB PASSAGES. 



The tubular ^ands of the stomaoli k intAstine, and the liver k pancreas^^x^ dereloped as depr: fl. 
Biou9, ramified depressions in the case of the two latter, of the portions of the middle & inner 
germinal layers which form the intestinal walls.- The liver is at first a bifid depression of the 
portion of the intestinal wall situated jast below the stomach. It grows ver/ rapidlj, 
especially at first, and weighs daring the first month 12 per cent, of the weight of the body ; 
its relative weight falls subsequently however to 10, 8, and at birth, to 3 or 4 per cent. It 
secretes but a relatively small amount of bile, or more correctly, perhaps, of the colouring 
matter only, for the biliary acids are said to be wanting. - The pancreas is developed in a 
s'milar manner- The spleen is probably formed independently of the intestinal canal| and 
from a separate mesoblastic mass. 

The /i/iit^j commence as two outgrowths from the front of the pharynx, which outgrowths rapidly 
divide ft subdivide into very numerous processes. At first they are solid, but they are sub- 
sequently hollowed out into the bronchi, bronchial tubes, k air cells. The bronchi open into 
the pharynx at first separately, but subaeqaently by a common trachea ft larynx,- these latter 
organs being formed by a depression of the portion of the pharyngeal wall upon which the 
bronchi first opened* 

The diaphragm is formed after the lungs as a gradually widening annular protrusion of the thcraco« 
abdominal walls, which annular protrusion closes slowly in the centre, and separates the 
pericardium ft pleur» from the peritoneumi and the thorax from the abdomen. 
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THE mtlNABY OBGANS-lst Tablet. 



THE WOLFFIAN BODIES. 



The Wolffian bodies, or primordial kidneys, appear r&ry early in the intermediate oell mmsi (T. 
page 125) as two fusiform stmctnres situated on either side of the primordial rertebrae. TI^t 
doYclop simultaueousl/ with the intestine & liver, and aro completely formed by the e&i 
of the sixth week. 

Thoy then extend from just below the heart to near the posterior extremity of the emlzryoi, aci 
weigh nearly 3 per cent, of the weight of the whole body. 

Their duct descends from their outer aspect to the nro-genital sinus, and conveys into thai 
sinus & into the urinary bladder, a fluid very similar to urine. 

This duct is the part first formed. It appears as a solid cord in the upper part of the inter* 
mediate cell mass just below the epiblast, sinks downwards towards the pleuro-peritoneal 
cavity, and becomes hollow. 

The secreting tubules spring from its inner side. Those tubules take a wavy course inwards, or 
upwards and inwards, and end in dilated extremities, which soon contain vasoalar tufts or 
glomeruli very similar to those of the kidney. 

When the kidneys appear, the Wolffian bodies cease to g^ow, and become atrophied. They are 
scarcely seen in the human embryo after the end of the third month. - Their remnants, the 
organ of Giraldes & vas aberrans in the male, the organ of Bosenmiiller (epoophetim t 
paroophoron) in the female, subsequently accompany the testicle or ovary in its desceat. 

NotO " In correspondence with the more modem view of the homologies 
of the genital ducts (V. page iCo), the Wolffian body has been described as 
presenting an upper, non-glomernlar, or so-called frenital portion devoid of 
tufts. The tubules of this upper portion have been said to develop into the com 
vasculosis and thus to establish the communication between the tubuli semini- 
fori of the testicle ft the Wolffian duct necessary for tho transformation 
of the latter into the epididymis^ <Sr* vas deferens, - It has however been 
shown by Gleland &by Banks that the coni vasculosi ft the tube that unites 
them are developed as new structures. 
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THE UBINABY OBaANS-~2nd Tablet. 



THE KIDNEY. 



Ib formed in the intermediate cell mass, or common reproductive cell masSi below ft bebiud, 
and a little later than, the Wolffian body. 

lis first mdiment is a diverlicalam from the upper & back part of the Wolffian dnct. This 
divorticnlnm becomes the nreter. 

Smaller diyerticnla radiate from the nreter into the common reprodnotive cell mass, and form 
the tnbnli nriniferi, whose dilated extremities soon contain the Malpighian tofts or 
glomemli. 

These tnbnli are at first wide, short, ft straight. As they lengthen, they become narrow ft 
fiexnons, and oonstitnte the cortical substance. Their central ends remain straight, how- 
ever, and gronp themselves iaio pyramids about fifteen in number, thns forming the 
mednllary snbstance. •■ 

The kidney is at first large, globular in form, ft more or less lobulated. 
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THE UBINABY ORGANS - 3rd Tablet. 



IHE URINARY BLADDER. 



Is formed from the intra-foetal portioc of tbe alUntois. 

It is at first an elongated fasiform sao op3niag, on the one hand, into tlie caTity of ^ 
allantoiSi and, on the other, into the cloaca^ or oommon oatlet of the digestiTe, nrinvj 
ft reprodactire tracts. 

It oontrMts superiorly into a flbroaa oord, the araohns, by which it remains permaiMDtlf 
connected to th^ nmbiUcnSt 

tnferlorly it becomes separated from the intestinal canal by a transrerte ae^tasB, tw 
perinnnnu 

« 

It then forms part of the nro-genilal sinns, which sintts forms the female ni«ikn| sai i^ 
membranous ft prostatic portions of the male. 
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THE GENITAL ORGANS -1st Tablet. 



THE CENTRAL GENITAL GLAND (Testicle or Ovaiy). 



FresenU ai flrgt preoisely iho lame appearance^ to wliiobeYer lex the foetua is lubfiequeQily 
to belong. 

It is formed from the intermediate cell mass A the peritoneum oovering it^ and aboni the 
same time as the kidney, bat in front & to the inner side of the Wolffian body. 

The peritooenm oovering the intermediate oell mass becomes thickened in two 
■itnations, namely, along its inner sidOi where this thickening gires rise to an opaque 
white ridgOi the gertninal ridge^ and along its enter side, where, by a process of involution, 
the Hnllerian dnot is formed. 

In the case of the female, the ova result from the enlargement of the cells of the 
germinal ridge (Y. neit Tablet but one). They soon beoome embedded in the surround- 
ing mass, which develops into the stroma of the ovary. 

In the case of the male, the cells of the germinal ridge soon become atrophied, 
and the glandular substance develops in the intermediate cell mass independently of 
them (V. next Tablet). 
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THE GENITAL ORGANS — 2nd Tablet. 



SUBSEQUENT EVOLUTION of theTESTICLE.-SPEBMATOZ0A. 



The tnbiill Bominiferi are at first solid rows of oells. 

They hollow out into tubes, lengthen, become convolated, diminish in diameter, and lRaoc&. 

A oondonsed fibrous coyering forms the tunica albu^mea^ and sends processes inwards, whkk 
]3rooessos separate the lobnlos. 

The spermatozoa are developed from the modified epithelial cells of the tnboli seminiferi, 
which Neumann has described of late under the name of spermatohhsts* 

The spennaiohlasts are pyramidal protoplasmic oolnmns, whose bases rest upon ti» 
fibrous wall of the tnbuli, while their apices conTcrge towards the lomeo. 

They present a large nucleus near their centre, and, towards their bases, (ros 
ten to twelre nucleoli« 

The nuolooli become the bodies of the spermatosoa. The central protoplasmic sib- 
stance of the spermatoblasts splits up to form the commencement of the tails (the pan 
sometimes called the collar). 

This evolution, commenced in situ^ is completed during the progress oC the deta^si 
spermatoblasts through the rete testis A the rasa 



The tails lengthen, coil up, and burst through the cell walli the spermatosoa trt 
thus set free. 
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THE GENITAL ORGANS -3rd Tablet. 



SUBSEQUENT EVOLUTION of the OVARY. — OVA, GRAAFIAN 

FOLLICLES. 



When embedded in the ovary, the cells of the germinal ridgo become transformed into ova as 
follows :- Their protoplasm becomes ihoyo/Jk; their nucloas becomes the germinal ves" 
icle; their nacleolus becomes the macula or germinal spot. The vitelline numbraneot 
zona pelluciiia^ rcsalts from the subseqacnt consolidation of the outer stratum of the 
yolk (Fonlis). 

Th: outer ivall of the Graafian follicle results from the condensation of the ovarian stroma, 
processes of which stroma sarroimd tho epithelial cells first collectively, then singly 
(Waldeyer, Fonlis). 

The origin of the inner layer or membrane granulosa is still a disputed point : - According to 
Waldeyer it is formed from cells of the germioal ridge, smaller & less developed than those 
which become ova ; which smaller & less developed cells would be enclosed between the 
processes of the stroma along with the larger ones. According to Foulis it is formed, 
along with the outer wall, from the cells and nuclei of the stroma itself. 

The follicular walls thicken and become vascular; and the granular cells multiply in their 

interior. 
Finally a space is formed in tho centre of the follicle, in which space fluid accumulates ; and 

the ovum, surrounded by a mass of cells, the disats proligerus^ is pressed towards tho 

peripheral wall of the follicle. 
Such a number of ova and follicles are formed in this way, that, about the fifth or sizth 

month of foetal life, the ovary appears to consist of nothing else. 

A month or two later, some of the follicles enlarge considerably, and sink in towards the 
ovary ; - the enlarging follicles of later years rise up, on the contrary, from the deeper 
parts towards the surface. 
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THE GENITAL DUCTS, 



THS OLDEB VIEW : - 



As tlie gonital glands A tbe external genitals are homologous in the male it female, lo 
are also the genital dnots ; « 

HuUer'B Ducts - Form i 

Fallopian Tubes, Uterus, & Vagina, in the female, 

Epididtmes, Yasa Deferentia, & Ejaculatort Ducts, in the mala. 

► Wolffian Bodies & Ducts - Dwindle down, on the contrary, into ; 

I 

Organs of Giraldes^ &* vasa aberrtuUia in the male, 

J\xrovaria^ or Organs of RosenmuUer^ 6^ Gtterinet^s Canals, in the femals. 



Remarks - ^o are hero face to face with two conflicting views; and snch is the importance h interest 
of tbe matter in dispute, that it has been thoaght desirable to giro an outline both of the oonfiioting riewsin 
question, and of the faots & arguments upon which tbej are respectively based. 

The yiow described as tho Afore Modem is, with a few slight modifications, the one advocated by the old 
German physiologists Rathke, Bidder, Wober, Kobelt, Meckel ft others, in opposition to the view of J. Huller 
(1832, 1816 to 1818). It was opposed by the physiologists of the French School, Coste, Longet, Follin, and is 
still opposed by Robin ; nor was it generally received by English physiologists for many years after it had 
been put forth : - Br. Gleland opposed it in 1856 ('* Structure db Mechanism of the Gubernacolum Testis " ) ; 
Mr. John Marshall, F.B.S., writing as late as 1867 ("Physiology, Human db Comparative*'), ignores it entirelj. 

On the other hand. Dr. Carpenter noticed it somewhat favourably in his ''Principles of Human Physiologj" 
(4th Edition, 1853), and supported it in the 5th Edition (1835) in a foot-note which runs as follows, and which 
has been preserved in all the subsequent Editions revised by Mr. H. Power : - 

"Although it has nanally been considered that tbe vasa deferentia of the male and the Fallopian tubes of the feniik 
"are homologous organs, yet this does not seem to be really the case." . . . (See Kobelt ** Der Nebeoeierstock ds 
•* Weibcs." Heidelberg. 1847.) 

In the later editions, further quotations have been introduced from Mr W. M. Banks' prise essay in support of 

the more modem view. 

Dr. Sharpey, writing in the Cth & 6th Editions of Quain's Anatomy, holds an even balance between tha 

two views : - 

'* The mode of origin of the Fallopian tubes & vasa deferentia has been differently explained by different enqnn^cm 
** In the mammalia, the Fallopian tube, as well as the vasa deferentia, is supposed by J. Midler to be formed out of a <ii^ 
** tlnct canal along the outer border of the Wolffian Body. Kathke drst maintained that both the Fallopian Uibe k tte 
** vaa deferens are formed independently of the Wolffian duct ; but he has since been led to adopt a somewhat diJfcreBt 
" opinion founded on his researches on the development of the snake (but which he thinks will probably apply iJao to tbe 
" other vertebrata). In the female, according to this view, the duct of the Wolffian body, as well as the body itself, m 
** entirely absorbed, whilst the new canal constitutes the Fallopian tube ; but. In the male, the revexve takes place, tla 
" newly formed canal disappearing, and the Wolffian duct becoming the vas deferens ; whilst some of tbe taboli of tJM 
** Wolffian body, remainins In connexion with the duct, usually contribute to form the epididymis. Bischoff, aft«r a 
** careful examination of these parts, declares that the filament formed along the outer border of each Wolffian bt47 
** contains, not only tbe excretory duct of that gland, but also an efferent sexual duct, which Is the mdiment of tbs 
** Fallopian tab«L or of the vaa deferena, and that both these are formed independently of the WoUBan body.** (Siigki^ 
€UUrtd/9r tht iak* of ccndematicn). 



/ 
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- DISPUTED HOMOLOaiES. 



THE MORE MODERN VIEW ; - 

Though the genital glands db the external genitals are homologoas, ornearlj bo, in 
the male A female, the g^enital dnots are not homologous. The male ducts oorre* 
spond on the contrary to relatively unimportant structures in the female ; and 
the female ducts correspond likewise to relatiyely unimportant stmctures in the 
male :- 

Mailer's Dacts - Form : 

Fallopian Tubes, Uterus, A Vagima, in the female, while, in the male^ 
they dwindle down into the 
Vencula Prostatica^ Sinus Pocularis^ or Organ of Weber^ which ia the 

homologue of the uterus & vagina of the female, and into the 
Hydatids ofMorgagni, 

Wolfl&an Bodies ft Ducts - Form : 

Epididtmes (body & tail), Yasa Deferentia, & Ejaculatort ducts, and also 
the Organs of Giraldes db Vasa aberraniia of Ilalier^ in the male, 
while, in the female, they dwindle down into the 
Orgians of R0S€nmuller(Epoophoron^ Paroophoron)^ A Ga^rtners Canals* 



Dr. Allen Thomson k Dr. Oleland, writing conjointly in the 7th Edition of Quain's Anatomy (1857), and 
Dr. Allen Thomson writing in the 8th Edition of the same work (1876), appear to be the first English authors 
who mention no other Tiew than the More Modem one. The latter writer quotes extensively from Messrs. 
Foster A Balfour, as all other authors have done since the appearance of their " Elements of Embryology " 
(1874). 

If we now turn to the critical examination of the two yiews, we shall immediately see that they agree with 
respect to the female organs: Both admit that the Fallopian tubes, uterus, and ragfina are formed from the 
Hiillerian ducts, and that, in the female^ the Wolffian ducts dwindle down into unimportant residual struotures. 
It is with regard to the male organs only that the two views differ. 

They differ in this way : - In the older view it is asserted that the vasa deferentia are the homologues of 
the Fallopian tubes, and that they are developed, as are the latter, from the MuUerian ducts. In the more 
modem view it is asserted that the vasa deferentia are not the homologues of the J'allopian tubes, and that 
they are not developed from the Hiillerian ducts, but are developed, on the contrary, from the dncts of the 
Wolffian bodies, or Wolffian ducts. In the male, therefore, according to the more modem view, the Wolffian 
ducts would at first be connected with the Wolffian bodies and would serve for the excretion of the fluid formed 
by the latter, namely, modified urine. They would then cease to be connected with the Wolffian bodies and 
to excrete urine, and would become connected to the testicle and serve for the excretion of the sperm. 

With these two first confiicting statements, namely : - 

// is MulUr^s ducts that form the vasa deferentia (The Older View) j 

// is the Wolffian ducts that form the vasa dejerentia (The More Modern View) ; 

are therefore correlated the following equally conflicting statements, namely : - 

The Wolffian ducts dwindle down into residual structures in the male ets well as in the female (The 

Older View) | 
^ is only in the female that the Wolffian duets dwindle donvn into residual structures; in the maUt it is 

Mulleins ducts that so dwindle down. The Wolffian ducts rise, on the contrary^ to the pre-eminent 

office of excretory ducts of the testicle (The More Modern View). 
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THE GENITAL DUCTS. -2nd Tablet. 



THE TWO VIEWS DISCUSSED:- Direct Observations; Collateral Evidence. 

In this matter, direct obserratiotiB appter iOmewhat inconolnsive. A perusal of the criticismi 
of their opponent's Tiews by those who hold the older Yiew will, it is believed, oonfirm 
this impression !~ Sajs Longet: "Bathke pr^tendit qae les Corps do Wolff dispa. 
' raissent totalement chez les femellesi, mais qa'ils persistent en partie chez les miles 
« ponr former rdpididyme. J.-Mfiller penka qne lenrs oondnits excr^tonrs se tram- 

^^ forment en canal dtfJrent, Ooste redrtsiatetU erreur On pent y distingner trda 

" parties, nne externe, sorte de filament on de canal. Le filament eztome est compost 
*< de denx cananx p1ac6s k cote Tnn de I'antre: le pins extome deviendra f^puHdymed 
" U canal d^irent cktz le male, Vaviducte chez lafemelle; I'inteme, an oontraire, appar- 
*' tient bien rtellement an corps de Wolff, dont il constitne le canal excr6tenr. Le 
•* parallilisme du spermiducte ou de i*oznducie avec le canal excrAeur au corps de Wolff a hi 
" la cause de Verreitr. Les corps de Wolil sent compl^tement ind^pendants de toates 
" lesprodnotionsenvironnanteB; ilssont ^lenient Arangers,et aux organes urtnaira d 
" atuc organes ghtUaux internes .*•••• Pins tard, le corps de Wolil se compliqne. Les 
" tnbes orenx et at^engles qai oontriboent k le former s'aocroissentM'nne maniire ploB 
« on moins considerable, et I'espaoe dans lequel se fait lenr d^yeloppement ne g^randu- 
'* sant pas proportionnellement k la qnantite dont ils s'allongent, ils se replient but 
« eux-memes, se contbnrnent, et prennent Paspect etun ipididynie, L'^pididyme 
'* commence k se former par nn enronlement do I'extremit^ dn spermidacte, ce qui a 
wpu contribner k faire adopter V opinion erronSe qu*il provenait du corps de Wolf 
** (LoNOBT. Trait6 de Physiologie; Second Tolnme, pages 852 k 854). 

Collateral £zndence is addnced in support of the older vieio, Jfrstly, from the respective 
homologies (complete, or nearly so) of all the other parts of the genito-nrinary system 
in the male ft female; secondly , from what may be considered as the apparent prima 
facie improbability, that, in the male, one & the same dnct (the Wolffian dnct) snonld 
serre as the excretory canal first for one gland (the Wolffian body) and then for 
another (the testiole)i and that, on the ptb^ hand, a dnct should be formed (ibe 
Hiillerian dnct) seemingly ati excretory dnct, which is to serve no excretory purpose 
whatever; and, thirdly, from the asserted absence of examples of double vertical 
hermaphrodism . 

Collateral evidence is adduced in support of the more modem view from considerations 
in respect of the vesicnla prostatica & of Gaertner's canals, and from alleged 
examples of double vertical hermaphrodism. 

The view of the homology of the vesionla prostatica or sinns poonlaris with tlto 
nterus (Weber), or rather with the uterus & the vagina (Lenckh art), necessarily leads 
to the view that the diminutive oornua, which this sinus presente m many mammals, 
are derived, like the comua of uterus, from the MuUerian dncts ; and from the fact 
that these oornua are not prolonged hito anything, which can be compared with the 
Fallopian tubes of the female, it is further concluded that the Miillerian dncte most 
disappear in thd male, except as regards their most central portions. 

Further, in the hypothesis of the homology of the vesionla prostatica with the 
nterus ft vagina, the opening of the ejaculatory ducts just within the margin of the 
▼esicnla is highly suggestive of the homology of ihese dncts, and of their prolonga- 
tions, the vasa deferentia, with the canals of Graertner, which, in the early condition 
pf the female of the. pig, calf, jiamb, ft some other mammals, open into the vagina 
on either side, close to the vulva. These ducts of Gaertner are the remnante of the 
Wolffian ducts. Therefote. it m'ust be these same Wolffian ducts^ r>., these dncte which 
disappear or H least dwindle down into unimportant residnal atmotnres in the 
female, that become, in the male, the vasa deferentia. 

Tho term double vertical hermaphrodism is descriptive of such abnomal cases as 
may present, on the same side, both a testicle ft an ovary. If such cases really do exist, 
as there are but two fcotal dncts in connexion with the central genital organs, one of 
these ducts mnst become the excretory dnct of the ovary, and the other the excretorf 
duct of the testicle. These dnots, therefore, are not the homolognes one of tiie other. 
Hence, as, in the female, the evolution of the ovary ft non-evolution of the testicle 
entail aa a consequence the persistenoe of the Mullerian dnct ft the atrophy of the 
Wolffian duct; so also, in the male, does the evolution of the testicle & non- 
evolntion of the ovary entail the perpistence of the Wolffian dnct ft the atrophy of 
the MUUerian duct. 
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THE GENITAL DU0TS,~3rd Tablet. 



THE VIEWS of WEBER, as supported by CARPENTER ft POWER. 



The ntems & yagina are not formed by the coaleacenoe of the lower part of Muller's dnots. 
They are dereloped from a portion, - the genital portion, " of the nro-genital sinns, 
which sinns is erolved on exactly the same plan in bot'i sexes, as will presently appear. 
The nro-genital sinns is a part of the primitive allantois. It therefore commnnioates 
superiorly with the ndnary bladder. lato it open posteriorly b3th the Wolffian dncts & 
Miiller's dnots (the common bundle formed by these dnots being sometimes called the 
hernial cifrd). 

As soon as the perinseal septnm is formed, the nro«gonital sinus is found to open ex- 
ternally in front of the anus, in the situation of the future Tulyaof the female (Y. External 
Genito-Urinary Organs.) This condition is common to both sexes. 

One further modification, now to be described, also occurs in both sexes, and it is only after 
the occurrence of this modification that sexual dirergences begin. The modification in 
question is the division^ by means of a transrerse septum, of all but the lowest part of the 
uro-'genital sinus into an anterior^ or urinary portion^ & a pos/trior, or genital portion. 

The anterior or urinary portion becomes the urethra proper^ f>., the urethra of the 
female, or the prostato-membranous portion of the urethra of the male. (The spongy 
portion of the urethra of the male is a subsequent structure formed as described below.) 

The posterior or genital portion becomes the vagina &, uterus in the female, or the vesicula 
prosiatica in the male. This is effected as follows: the male organs simply make no 
advance in volume or complexity ; the femaleorgans, on the contrary, increase in size, 
and a constrictien divides them into two parts, of whicb the upper one, the uterus, 
thickens from below upwards. 

The lower and undivided portion^ or aperture, of the nro-genital sinus forms the 
atrium vagina in the female, iV., the combined fossa navioularis k vestibule, which parts 
are bounded by the now formed labia minora ft clitoris. 

In the male, the nro-genital sinus is continued into the spongy^ or superadded^ portion 
of the urethra^ which latter is formed by the mesial union of the homologues of the 
labia minora (V. External Gtonito-Urinary Organs). 

BEMABKS - In this view, we have, opening into the female atrium, both the 
urethra ft the vagina, and, through the vagina ft its continuation, the uterus, both Miiller's 
dnots (Fallopian tubes) and the Wolffian ducts (Qaertner's canals) ; and so also we have, 
in the male, both* the urethra (the urethra proper) and the vesicula prostatica, and 
thi^ongh the vesicula prostatica, both Miiller's ducts ft the Wolffian ducts, opening 
into what corresponds to the female atrium. 

This view weakens slightly, as far as it is based upon homologies, but only very 
slightly, the view that the vasa deferentia are differentiated Wolfiian ducts. (Y. ap« 
pendix page 168 a.) 
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THE GENITAL DU0TS.-4th Tablet. 



THE GENITAL CORD or COMMON GENITAL BUNDLE .-(Classical View). 



The genital cord ia theoommon bundle formed hy the approriination of the Wolffian & Hallerian 
dnots of either aide a little above their point of dntrance into the nro-genital sinns; - which 
bnndlo becomes greatly thickened hy deposition of tissue between & around the ducts. 

The Miillerian ducts lie between & behind the Wolffian ducts, and they unite into one canal 
before they open into the uro>genital sinus. 

In the female subject, the common canal thus formed becomes the vagina, the ce/vix, &tbe 
^eater part of the body of the uterus. 

The portions of the Miillerian ducts above this become the comua of the uterus, which latter ro* 
main comparatively short in the human female. 

The remainder of the Miillerian ducts become the FaUopian tubes* 

The thickening of the walls of the uterus begins at the os, and progresses from below 
upwards : For some time after birth, the cervix is larger & thicker than the body. 

Incomplete union of the Miillerian ducts gives rise to the tttcnu bkomis or homed uterus 
common to many mammals ; their imperfect union may give rise to a double uterus, and 
even, occasionally, to simultaneous duplicity of the vagina. 

The Miillerian ducts being formed by an involution of the peritoneum, the female 
passages ft their mucous membrane are continuous with the pleuro-peritoneal cavity & iis 
epithelium. 

tn the male, the united portions of the Miillerian ducts become the sinus poeu/aris or vesuuk 
prcstatica. 

The Wolffian ducts open into the tiro*genital sinus on either side of, and below the Miilleriai) 
ducts. 

In the female they dwindle down to the condition of a residuary duct (Goertner's 
canal), which joins the outer extremities of the tubules of the parovarium or organ of Boseii' 
miiller. 

In the male, they beoome the canal of the body 6* tail of the epididymis, the vasa dtferenti&t 
and the ejaculatory ducts ; diverticula from their walls form the vesicula seminales, 

The prcstate gland results from the thickening of the whole of the lower part of the genital cord. 
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THE BESIDXJAL GENITO-UBINABT ORGANS. 



OF THE FEMALE : - 

Farovarimn. Organ of Rosemnuller, or Epoophoron, A Gaertner's Canals.— 

Paroophoron. 

The Parovarium^ or Organ of Rosenmuller^ is doe to tho persistence of the upper, non- 
glomerular, or so-called sexual portion of the Wolffian body ; ifc closely corresponds, 
therefore, to the epididymis of the male. It is scarcely correct, however, to consider 
it SB the homologue of the epididymis, since it has been shown by Cleland and by 
Banks that the coni vasculosi & the tube that unites them are developed as new 
structures. 

It consists of a group of scattered tubules lined with epithelium, which lio 
more or less transversely in the broad ligament of tho uterus between the Fallopian 
tube & tho ovary. These tubules are closed at their inner ends, which converge 
towards each other ; but they open at their outer ends into a vertical canal, 
which is the remnant of the Wolffian duct. This canal passes downwards in tho 
direction of the vulva, and usually becomes lost ; but in the early condition of the 
female of the pig, calf, lamb, & some other mammals, it is seen to open into the 
vagina close to the vulva. It is then known as Gaertner's canal. 

Tho vestige of the lower, glomerular, or primordial-kidney portion of the Wolffian 
body may sometimes bo detected, occasionally even in the adult female, on the inner 
side of the foregoing organ, between it & the uterus. It consists of small cysts, or 
obscure & imperfect tubolar remains. Waldeyer calls it the paroophoron^ to dis« 
tinguish it from the foregoing, which he calls the epoophoron. 

The Fallopian tube sometimes presents one or two small additional fimbrated openings 
at a short distance from its extremity. These are probably due to the imperfect 
closure of the Miillerian duct. 

OF THE MALE : > 

Organ of GiraldeS; or Paradidymis; Vas Aberrans; Hydatid of Morgagni.— 

Tho Organ of Giraldes is the remnant, in the male, of the lower, glomerular, or primordial- 
kidney portion of the Wolffian body. By Waldeyer, it is called the paradidymis^ in 
correspondence with its homologue, the paroophoron of the female. It lies in tho 
lower h front part of the spermatic cord close to the head of the epididymis, nud 
consists of a collection of minute convoluted tubules lined with epithelium. 

Tho Vas Aberrans of Haller is probably also a remnant of some part of the Wolffian 
body, but its precise origin has not yet been clearly made out. It is a narrow 
tortuous tube from 1} to 14 inches long, connected with the commencement of tho 
vas deferens or with the lower part of the canal of the epididymis, passing npwards 
for an inch or more among the other elements of the spermatic cord, and ending in 
a blind extremity. It is sometimes quite unconnected with the permanent seminal 
ducts. It is sometimes branched, and occasionally there are two or three tubes 
instead of one. 

The Hydatid of Morgagni is probably a remnant of Miiller's duct. It is a small pednn- 
culated mass of connective tissue h blood-vessels surrounded by a fold of the 
tunica vaginalis, and situated on the upper extremity of the testicle, just in front of 
the globus major of the epididymis; sometimes there are several hydatids instead of 
one. - A similar body is frequently found in connexion with the free end of the 
Fallopian tube. 
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THE EXTERNAL GENITO-XTBINABY 



Appear a little after the internal, and are also identioal at first in both Mzee. 

A Tonnded eminence arieee below ft behind the ujmphjria pubis, and on it appears a mediaa 
depression or slit. 

This slit grows deeper & deeper, and soon opens into the oloaosi or oommon ontlei of the iatei- 
tlnal oanal and of the internal genito-nrinarj organs. 

A transrerse septum, the perimonm, now separates the reotnm from the nro-genital sinns, sad 
the anas from the external genitals. 

The nro-genital sinns is the lowest ft oontracied part of the intra-fostal portion of the allantoi& 
It oommnnioates snperiorlj with tho nrinary bladder. Into it open, first the Wolffian dncK 
and then the oreters ft the Hullerian ducts. It subsequently contracts to form the female 
urethra, and the prostatic ft membranous portions of the male urethra. 

The growth of the uterus ft ragina separates, in the female, the genital oanal from the urtnuy. 
Sexual differentiations now appear externally : - 

Two elongated ft obliquely disposed eminences are formed on either sida ft in frant 
of the uro-genital opening. They converge anteriorly to form, in the male, theoorpart 
spongiosum ft cayemosa, in the female, the clitoris ft the labia minora ; a slit or groof* 
remaining for a time on the under surface of the former. 

In the male, the corpora cavernosa ft spoUgiosum extend upwards. The lower 
margins of the latter soon join, closing the median groove inferiorly, and forming the spoogy 
portion of the urethra. In the female, the clitoris tends to bend downwards. 

Two cutaneous appendages appear on either side. In the female, they remain separate 
as the labia majora. In the male, they join from behind forwards to form the scrotum, ioto 
which the testicle descends at birth. 
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THE EXTEBNAL GENITOURINARY ORGANS -2nd T. 



ADDITIONAL NOTES. 



The mode of formation of the perinttal septum has not yet been made out Twy olearlj. It 
would appear. that>tlie deeper parts are formed first, by the union of two transrerse 
bands whieh pr^jectim either side from the lateral ft baok part of the oloaoa^ and that 
it is only Bnbseqnently that those snperfloial stl^actnres arise which form the peringenm 
proper. 

The groove on the under surface of the future erectile organ is frequently called the uro-gtnital 
groove on account of its being the continuation, so to speak, of the uro-genital sinus. In 
the female, the margins of this groove widen out into the labia minora or nympha. In 
the male, they unite from behind forwards to form the spongy portion of the urethra^ 
which portion is therefore the homologne of the atrium yaginas. 

The glands of BorthoHn^ which open into the female atrium, are the homologues of Gowper's 
glands, which open, in the male, into the baok part of the spongy portion of the urethra^ 
or into what is sometimes called the btdhous portion. 

The bulH vesiibuiiot the female are the homologues of the two lateral halves of the urethral 
bul.b of the male i and the parUs intermedia of Kobelt are probably the homologues of the 
two lateral halves of the remainder of the corpus spongiosum urethrsB. 

In the female, these parts remain separate, except quite anteriorly where they 
join to form the glans clitoridis. 

In the male, the two halves of the corpus spongiosum unite from behind 
forwards both above ft below the urethra, forming its erectile coat, and then swell cut 
anteriorly to constitute the glans penis s the gprooves on the under surface of the bulb ft 
glans are traces of the primitive bifid condition of these parts. Imperfect union 
either above or below may give rise to epispadias or hypospadias respectively. 

The hymen ft prepuce are formed as projecting folds of the mucous membrane of the atrium 
vaginsB, ft of the integument of the penis respectively. 



1«8 



THE DESCENT of the TESTICLE. 



VptoUM 

6th Month -The testicle lies in the lumbar rtgiom in troni of ^ a Kiile Bdew He kiAuy ; itiio- 
vdoped by the feritoneum^ which forms behind it a sospenflory fold or meaenterf , tba 
mesorckium^ in which fold are contained the Tessels & nerree of the testiele. 

The deeoent of the testicle is effected as follows, according to Curling: - 

To the tail of the epididymis is attaehed the upper enlarged extremity of » conical mus- 
cular cord, the gubemaculum testis^ which cord passes down upon the psoas beneath tbe 
peritonenm, and descends through the inguinal canal into the bottom xji the sorotem, 
where it ends in a pointed extremity attached to the dartos. 

This gnbemaculnm testis is formed by the cremaster muscle. The eremaster, 
before its inversion in the course of the descent of the testicle, is a tube of striped musculir 
fibres attached superiorly to the tail of the epididymis, and divided inferiorly into tkrti 
procases, which processes are a/torA^k/ respectively, the external & broadest one to Poupzrfi 
ligament in the inguinal canal, the middle & longest one to the dartos at the bottom of th? 
scrotum, and the inner one to the front ofthepubes ft to the sA^h of the rectus muscle; t'.. s 
tube surrounds a process of oellular tissue, which process appears sometimes to be 
partially hollow. 

The conjoined action of the three muscular fasciculi of the gubemaouliun draws tha 
testicle 

Between the 6th ft 6th Months - into the niac fossa, and 

By the 7th Month - into the inguinal canal, - The conjoined action of the mtemal ft wad& 
fasciculi draws the testicle 

Daring the 7th ft 8th Months - Through the inguinal casua. * Lastly the nUddU fasciadm 
draws the testicle 

By end of 8th Month - into the bottom of the scrotum. 
During the descent of the testicle 

\\A proper peritoneal covering becomes elongated, and forms the tustica tngiaaB 

The parietal layer of peritoneum oyer the internal abdominal ring is depmsed 

into the scrotum, and forms the tunica vagisiolis reflexa ; 
The fascia transuersalis is similarly depressed, and forms the infun£iulifirrs 

fascia ft theySuns propria : 

The muscular fibres of the gubemaculum are evertedj and become external to th« 
process of peritoneum ft to the fascia transyersalis, and form the crmjs- 

teric fas^iu 

Cleland, Dalton, ft others maintain, howerer, that the gubemaculum testis, whaterer be iu 
nature ft functions in some of the lower animals, is not in man a muscular organ; that it 
takes no active part^ at least in man, in the descent of the testicle^ which descent is, they say, 
occasioned by the process of growth taking place in different directions at suoceesiTe 
periods of festal life ; also that the process of peritoneum which subsequently forms ibs 
tunica Taginalis reflexa, far from being depressed by the testicle during its deseeat 
passes down on the contrary, in advance of the testicle^ which latter organ then entera int j* 
ri preformed pouch patent ft ready to receiye it. 
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THE DESCENT of the OVABT. 



The ovary lies at first in the female embryo in the same position as does the testicle in the 
male, and is similarly enveloped by peritoneum and similarly oonnected to the gnberna- 
oulnm. This latter crosses the Hiillerlan duct posteriorly, and then courses, as in the 
male, through the inguinal canal, and is lost in the suboutaneous tissue in front of 
the pubes. 

It is that portion of Holler's duct whioh lies internally to the gubemaoulum, that enters into 
the formation of the uterus, and that portion whioh lies externally to the gubernaculnm, 
that forms the Fallopian tube. 

The gubemaoulum itself, becoming adherent to the point of Junction of these two portions of 
the internal genitals, forms, in its upper part, the ligament of the ovary, and in its lower 
part, the round ligament of the uterus. 

As the ovaries descend, they pass below & behind the Fallopian tubes, whioh neoessarily per- 
form at the same time a movement of rotation from above downwards ft from before 
backwards. 

The round ligament, the Fallopian tube, and the ovary & its ligament, become enveloped in 
double folds of the peritoneum, which enlarge with the growth of these organs and con- 
•titute the broad ligaments of the uterus. 
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THE PLEUBO-PERITONEAL CAVITY. 



Is the intra^fcBtal portion of the Fpace formed on either tide of the common reprodnetirc oeli 
mass by the splittioff of the mesoblast ioto splanohnoplenre & somaiopleure ; -the 
eztra-fcBtal portion of this space being the space comprised between the amnion proper 
ft the false amnion, into which space the allantois spreads out to form the endochorion. 

This space is divided from the first into two lateral halyes by a mesial septnm formed of 
two peritoneal layers. 

Each lateral half is then divided by the formation of the diaphragm into an upper^ ihoradc, or 
pleural portion^ and a lowers abdominal^ or peritimeal portion* 

The two halves of the thoracic or pleural portion remain distinct, the mediastina & the beart 
being inclnded between them. * - Tne pleura oovers at first bat the enter sorfaoe of 
the Inng ; it invests the organ more completely as soon as the latter beoomea detached 
frcnn the casophagns. 

In the lower or abdominal portion^ the two cavities become fused into one in front of the 
intestine. 

The mesial septum persists, however, behind the intestine. 

Behind that central portion of the intestine which curves forwards towards the 
umbiUcus, joins with the umbilical vesicle, and forms the small intestine^ it forms the 
mesentery proper. 

Behind the portion above this, f .^., behind what becomes the transverse oolon, it 
similarly forms the transvene meso-colon* 

A little higher up, i .^., behind what becomes the stomach, it forms the meso'gaHrium^ 
which latter fold becomes, on the one hand, the lesser or gastro-hepatic omentum, and 
comes to form part, on the other hand, of the greater or gcutro^olic omentum. 

Higher up still, it invests the liver, and forms its suspensory 6^ coronary ligaments. 

* The MTOUi layer of the pericardium may be considered as the antral 
portion of the two pleurie cut of from the remainder by the formation of 
the flbrouB bag, and fused into one cavity. 

TBAN8FOBMATIONS of the M£SO-GASTRIUM.-K}R£AT£R & LESSER 

OMENTA.-SAC of the OMENTX7M. 

The stomach first occupies a mesial position. The meso-gastrium is then a 
mesial fold, the anterior border of which is free. Superiorly, this anterior 
border passes up to the liver to form the lesser or gastro-Aepatic omentum. 
Inferiorly, it becomes lost on the posterior wall of the alxlomen a little 
above the transverse meso*colon. 

As the stomach turns over to the right, so does also the lesser or gastro- 
hepatic omentum : - This fold comes to form part of the anterior wall of 
the omental sac; and its free border comes to form the anterior boundary 
of the foramen of Winslow. 

As the stomach elongates h expands, so does also the lower part of the 
meso-gastric fold ; - This fold oomes to form the great omentum, into 
which the omental sac is prolonged. 

A distinction must here be made between the great omenlum of the fttus 
6* young child, and the great or gustro'colic omentum of the adult : ~ In the 
early condition, the two posterior or ascending layers of the great omentum 
pass up in front of the transverse colon without adhering to it, and 
then pass backwards to the spine above the transverse meso-oolon, with 
which they are in no wise connected. At the spine, the two layers 
separate : - The superior one passes up to the liver. The inferior one passes 
forwards to the transverse colon, forming the upper layer of the trans- 
verse meso-colon; surrounds the transverse oolon; passes back to the 
spine, forming the under layer of the transverse meso^coIon ; and then 
descends to form the mesentery proper. There exists therefore a depression 
or pouch between the most posterior of the four layers of the great 
omentum & the upper layer of the transverse meso-colon. In the more 
advanced condition, this pouch disappears little by little by the adhesion 
of its walls one to the other. This leads to the fusion of the two ascend- 
ing layers of the gpreat omentum, the one with the upper layer, the other 
with the under layer of the transverse meso-colon, respectively. The 
great omentum of the f ostus then becomes the gastro-^^ omentum of 
tiie adult. 



DEVELOPMENT OF THE BONES. 

I. 

SKELETAL MATRIX AND DEVELOPMENT OP BONE TISSUE. 

(Pages 172 to 179.) 
11. 

OSSIFICATION OP THE INDIVIDUAL BONES. 

(Pages 180 to 192.) 
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THE SKELETON. 



The akeleicm is derelqpecl from the middle germinal lajer, or meeoUMt. 

lU ooilicatioii is prcoeded (exoepi in the rmnlfc of the flknll and the gicntci' part of the face) 
faj the cLondrification of the skeletal matrix, the formation of which matrix is preceddJ 
by the appearanoo of the chorda dorsalia or notoohord. 

CHORDA DOB8ALI8 or NOTO CHORD - 1> » delicate eemi-paqne thread which appears 

beneath A parallel to theprimitiTe trace or groore immediatelj after the formation 
of the latter. It forms the basis round which both the bodies of the Tertebra, 
and the posterior orocdpito^benold part of the base of the sknll are sabeeqnent!; 
dereloped. 

Its mode of origin is stUi a disputed point, and its tissne-behaTioar is pecnliar; 
as are also its relations to the spinal oolamn, the base of the skull, and the picuitarr 

bodr.' 

ItB Mode of Origin ft Tissae-behayiour. 

It has osnallj been considered as derived from the middle layer or mes:« 
blast ; and to be cellular in Ftmctnre at first, but soon to be(»me cartilaginoTis. 

It has recently been attributed, however, on the one hand, to the ucucr 
layer, or hypoblast (Hensen, Balfour), and, on the other hand, to the npper 
layer, or epiblast (Hihalkorics). - Modem research has certainly shown ii to 
be stmoturally allied to epithelium rather than to cartilage : There is oeTt^ 
any penetration of its substance either by oonneotire tissue^ or by blood- vessc If, 
or by any other meeoblastio elements. 

Apparently, it is not absolutely confined to Tertebrata (KowaleTsky). 

Its Relations to the Spinal Column, the Base of the Skull, A the 

Pitnitaiy Body. 

It runs first between the protoyertebre, and then through the tempcrarr 
& the permanent yerlebral bodies & intervertebral discs, the odontoid pitopss 
of the axis, and the posterior or oooiptto-sphenoid portion of the base of 6? 
skull, being first swollen opposite the centre & constricted opposite the upp^ 
& lower borders of each protorertebra, and subsequently (when the proto. 
vertebrsB have given place to the permanent vertebns) swollen opposite U'f 
centre of each vertebral disc, and constricted opposite the centre of each per- 
manent body. It is likewise swollen opposite the three intervals betweea li^ 
body of the axis & the odontoid process, between the odontoid proces & tk 
bosi-oocipital bone, and between the basi-occipttal & the basi-sphenoid. > li 
does not pass through the anterior arch of the Atlas. 

In front of the last named enlargement it curves downwards & forwards 
beneath the floor of tiie pituitary fossa, tapers to a fine fi'ament^ and ii lost 
between theinfundibulnm cerebri & the hypophysis, i^^ between what heeos» 
respectively the anterior or glandular ft the posterior or cere br al portioas d 
the pitnitajry body (Hihalkorios). 
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THE SKELETAL MATBIX-lst Tablet. 



GRANIO-SPINAL PORTION (Oeneral View). 



Is devclopod from tho vertebral plafes (V. General Development of the Embryo). 
These plates present the following peonliarities in the (1) Spinal^ and (2) Cramal k 

Central facial portions^ respectively : 

Spinal Portion. 

1 - A transverse segmentation resulting in the formation of the prolovertebra, 

2 - A longitudinal diffoi*entiation of the protovertebroe separating their ottier halves^ 

which become the muscular plates from their intur halves^ which form the 
temporary vertebral bodies^ or protovertebral bodies, 

3 - Tho fusion of these inner halves. 

4 - The rcsegmentation of these inner halves resulting In the formation of : 

A - Inter NALtT - Tho Permanetit Vertebral Bodies^ &* Intervertebral discs; 
B - ExTEKXALLT - The Spinal Ganglia^ and the Roots of the S/in.il Nerves^ 
in front | and the Vertebral Lamina & Processes and the Posterior Ends of 

the Ribst behind. 

Cranial & Central Facial Portions. 

The division, ivithout any previous protovertebral segmmtatton^ of the base of the skull 

opposite the two anterior swelUogs of the notochord into the three following 

portions : - 
Basi-occtpttaIi "{ Foi'mcd round the anterior part of the notochord by 
Basi-Sphekoid 3 tho Inv.'stitig Mass oj RathJ^e. 

Spiiexo-Ethmoid* - Formed in front of the termination of the notochord 

from the Trabecu la Basis Cranii of Rathke* 

* The term Spheno-Ethmoid is not a good one, for it is not only the 
ethmoid & the anterior portion of the sphenoid which are developed 
from tho TrabcculsD, but also the lachrymal^ nasal, intermctxillary^ 
inferior turbificUed, &- vomer, (V. Skeletal Matrix^ - 4th Tablet). 
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THE SKELETAL MATf(IZ.-2nd Tablet. 



THE SPINAL COLUMN. 

Itf erolation presents therefore for examination t - 

PrototfertebMl flegmentetton * Oo m meneee in tlie upper part of the oerrioal region 
before the oomplete cloenre of the medttlla(7 oanal, and extends in snooeswa 
lhiM|^ the dorsaly faivihttr^ saotali A oeo^geal regions. It reenlts in the for- 
mation, on either side of the whole length of the spine^ of a series of small dark 
qnadilateral massosy the primordial vertdfrtB or protovertebrm^ oorret ponding in 
nvaber to tha fiit«re Tortebrv i of whioh masseSi howerer, the first or upper 
iVDes are modified and dtaappeaf before the last or lower ones are formed. 

Difrerentiation of the Outer Halyee of the Protovertebm fbnning the 

Musoalar Plates '* (Vide Dertlopment of the Organs). 

FiiBioii of the Inner Balree of the Protorertebm - Takes piaoe also fns 

before baokwardi^ Ihoei^ in a somewhat less regular manner than the 

Be*Begmentfttion of theee Inner Halyes - VMe next TaUei^ 
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THE SKELETAL MATBIX -3rd Tablet. 



THE SPINAL COLUMN (Continued). 



RE-SEGMENTATION of the INNER HALVES of the PROTO- 

VERTEBRiES, RESULTING in the FORMATION of 

Internally: - 

The Permanent Vertebral Bodies, & Interye steer al Discs. 

The linos of separation between the permanent vertebrsB do not oor« 

rcFpond to, bnt are on the oontrary intermediate between, the primitiYe 

lines of peparation between the protoYertebroe. Kach protovertebral body 
forms tl^croforc, att/erhrlj', the posterior half of one permanent rertebral 

body, and, fosUriorly^ the anterior half of the following one. And, oon* 

Tersely, each permanent rertebral body ie formed, anteriorly^ by the 

posterior ha'f of ono protovertebral body, vaA^ posUriorly^ by the anterior 

half of the following one. Henoe the yarying position of the swellings of 

the chorda with respect to the spinal elements. 

Externally: - 

The Spinal Ganglia, and the Roots of the Spinal Nertes, in Front; and 
the Vertebral Lajiinjs h Processes, and thx PotXERioR Ends of thb 
Bibs, Behind. 
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THE SKELETAL MATBIX.~4th Tablet 



BASE of the CRANIUM, A CENTRAL PARTS of the FACE. 



The mairiz of the base of the cranium is dirided opposite the anterior enlargements of tho 
chorda dorsalis into three portions, which are from behind forwards the Basi-ccdp-JjI, 
the Beui'sphenoid^ h the Sphato^dhnuniL 

The basi-ocdpital k the basi-sphenoid are formed from the Undivided Investing Moss 
ofRathke. The spheno-ethmoid and the central parts of the face are formed frwa 
TVabeculee Basis Cranii of Rathke* 

U&diYidod iDYesting BSass of RathkO - 1*his is a thickened deposit of mesoblastic 
elements thns called on aocoont of its inresting the cephalic portion of the 
chorda dorsalis, and of its not being affected bj the protoTertebral segmentation. 

In the middle line it extends from the swelling of the chorda dorsalis abore 
the apex of the odontoid process to the terminal swelling of the same aiittle 
below and behind the pituitary fossa, and supports therefore both the posterk-r 
& the middle primary encephalic Tesicles. 

It is opposite the swelling of the chorda intermediate between the two sweP- 
ings aboTO mentioned, that the investing mass divides into the basi-otxppita^ 
on the one hand, the basi-sphenoid, on the other. 

Laterally the investing mass extends on either side of the middle line :o 
form the matrices for the condylar portions of the occipital, for Che great :r 
wings k external pteryg^d plates of the sphenoid, and for the periotie cartilage 
or future petrous portion of the temporal bone. 

TrabecnlSB Basis Cranil of Rathke - Form another and similar deposit of mesi>. 
blastio elements bifid both in front ft behind, in which latter sitwatioin \% 
embraces the pituitary fossa^ while in front the two halves unite to foma. the 
septum of the nose. 

In the middle line thts deposit extends forwards into the frontal 
(Y. Development of the Face), and forms the matrices for the ethmoid, 
lachrymal, intermaxillary, inferior turbinated, ft vomer. 

Laterally it spreads out on either side of the middle line to fonn the matri- 
cos of the lesser wings of the sphenoid. 
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THE SKELETAL MATRIX -6th Tablet. 



THE REMAINDER 



Is laid down in the following poriiont of the lomaiopleureH 



Segmented Portion - (BsANcaXAt, Tiscebal, or Phartngbal Arches) t 

Malar, Supbsior Maxillary & Palatb Bones, and Internal Ptbrtooid Plates 
Of THE Sphrnoid. - In snperior of the two prooesses of first branohial arch. 

Interior Maxillart Bone & Malleus - In lower prooees of the same aroh, the 
latter from back part of Meckel's cartilage. 

Incus (probably)*, Stafes, Styloid Process, Lesser Ck>RNu ov Hyoid Bone - In 
second branohial arch. 

Body ft Greater Oornu oi Hyoid Boni - In third branohial arch. 

Unsegmented Portion ; 

Shafts of the Bibs, ft Lateral Halves of the Stbrnuk. 

SOAFULA, GLAYICLE, ft THE THREE SbOMENTS OF INNOMINATE BONl. 

Appendicular Portions whicli constitnte tbe Limbs : 

I4ONG ft Short Bones of the Likbs. 

* lihu been Mid that both the MsUeos ^ the loons avs dereloped firom the bsok 

part of HeoksU OMftUsfla. 
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OHONDBIFICATION of the SKELETAL MATIOX. 



ChondriflMtUm tftkM plaoe molnl/ daring ih^Jifth 6* sixth weeks of foeial life. 

Oliondrifloation of the arches 0/ th^ -vertebra oommenoes in the dorsal region, 
and then ipreadi forwards into the cerrioal region, and backwards into the Inmbar 
h saoraL Ko arobes are formed in tbe coccygeal vertebre. Those o£ the one or 
two last sacral rertebrsD do not join behind. 



A narrow cartilaginous band forms the sab-oentral portion or amierwr arck gf 
tki ailas^ which arch is quite distinct from the bodj & odontoid ptuo e — of thfl 
aiiS| and out of the line of prolongation of the chorda 



The matrices for the posterior pari of the rih are fonaed in c wjaiOiu a wisli 
the Tf rtebral arohes A processes. 

The boBsa of the vattH of the shdl and tbe Amo of Uejaet Qihm miakx 
tarianated bone aieepted) are ossified in membraaew 
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THE DEVELOPMENT of BONE TISSUE. 

There are three modes of ossifloafcion, the inirn-membranous^ the inird'eariifasinouSt & the sub'pertosteaU 
In the two first, the process begins in, and radiates from, speoial fixed points termed points 

ZNTBA-HEMBRANOUS OSSIFICATION — By this process are developed the 
bones of the vault of the sktdl and all the bones oftheface^ except the inferior turbinated. 

In the membrane which occnpics the position of the fntnre bone, fine sptcnia, the 
osteogenic fibres^ are seen to radiate from the points of ossification and to form a delicate 
network. These fibres are first clear and transparent, but they soon become opaqae 
through calcification. 

Large granular corpuscles, the osteoblasts, lie upon, and within the meshes of, the osteo« 
genio fibres, and more or less conceal them (they musk be washed away before the 
fibres can well be seen). Those osteoblasts probably yield or secrete the substance 
of which the fibres are formed. 

As ossification spreads, the deposit g^ws over the osteoblasts and incloses them. The 
cavities in which the osteoblasts are inclosed become the lacuna* 
• It is not yet known whether the canaliculi are left as vacuities in the osseous deposit, or 

whether they are subsequently formed by absorption. 

INTBA-CARTILAaiNOUS OSSIFICATION. — By this process are developed all 
the bones of the body, except the bones of the face (the inferior turbinated excepted), 
and tho bones of the vault of the skull. 
If a section be made through a point of ossification in cartilage, and the tissues be examined 
from the cartilage towards the bone, three distinct strata will be seen : - 

1. A layer of cartilage in which the cells are rapidly increasing in number, and 
are flattened from above downwards & arranged one above the other in oblong 
diverging groups, between which groups tho matrix appears in the shape of clear 
diverging and obliquely intercommunicating lines. - In the vicinity of the bone those 
cells are rounded and greatly increased in size, and tho groups they form are enclosed 
between darh lines of ossification which shoot up into the clear spaces of tho cartilage, 
and form what are called tho primary areola, 

2. A layer of calcified matrix, in the primary areolsa of which the cartilage oelVl 
are replaced by g^nular corpuscles, or osteoblasts, similar to those described in tho 
intra-membranous mode of ossification. - Whether those granular corpuscles are 
formed by the proliferation of the cartilage colls (Mullor) or whether they are do- 
rived from the vessels of tho periosteum (Sharpey), is still uncertain. Neither are 
their subsequent transformations clearly made out, for while they are believed by 
0ome to form the primitive marrow, the lacunra being then developed from the 
cartilage cells (Kolliker, Wirchow), they are believed by others to secrete the 
osteogenic substance, and to form the lacuna) by becoming imbedded in tho 
ossification. 

8. A layer of bone, in which, by tho absorption of tlie septa which separate 

them, the primary areola) aro becoming fused into larger spaces, the secondary 

' areola, or medullary spaces of Mul/er. These secendary areo1s9 go on increasing in 

size by further absorption & coalescence, their walls besoming thickenei at the 

same time by the deposit of now bone on thoir internal surface. 

8nB"FBRI0STEAL OSSIFICATION — The increase in girth of long bones takes 
plSbce by this process, which consists in the deposit of blastema between the periosteum 
&* the bone, which blastema is subsequently transformed into bone by a process 
similar to intra-membranous ossification. - According to Kolliker & H. Miiller, 
a considerable portion of the shaft of long bones is also formed by this mode of ossifica- 
cation, an ossoous tube surrounding the primordial cartilage being developed before 
the ossification of the internal mass begins. 

While long bones are thus increasing in girth by the deposition of new bone 

on their exterior, their medtUlary canal is becoming enlarged by absorption from 

I within* Long bonos also increase in length by extension of the layer of cartilage 

j. comprised between the diaphysis & the epiphysis (epiphysial cartilage) and by the 

progressive ossification of such layer of cartilage. 

OSSIFICATION of the INDIVIDUAL BONES— V. twelvelfollowlng Tablets 
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OSSIFICATION of the SPINE -1st Tablet. 



VERTEBRAE QENERALLT - Developed in eariil«ge from tAne frimary cenirts, and 

five se€9Hdary tnak 

VBU/LASn CENTRES :- 

Two Lateral - For Lamikjb, Pbocbssu, & Lateral Pabt op Body - In iransrerse 

proceeaes ; 6th week. 

One Central - For Centbal & Gbbatbb Pabt 07 Boot - Centre of body ; Stli 



Ossification from central centres oommenoes about 9th or 10th doml 
vertebra, and prooeeda along epine in both direotionB. Osa i fioation from 
lateral centres oommences at npper part of spiDe, and eztenda downwards. 

Portion o/MytormeAtrom central centres diminishes, and ^^ft&fi formed 
from lateral €mtres increases from below upwards : - Bodies of saeral ver- 
tebrsB are formed almost entirely, and bodies of lumbar vertebrae to bat a 
* slightly less extent, from central centres. In dorsal region ossification from 
lateral centres adyances to just beyond costal facets. In cervical region the 
whole lateral portions,— projecting lip at each side of npper snrf aoei, h eat- 
responding concavity ateaoh side of nnder surface,— are formed from lateral 
centres. 

The lamina are joined to each other daring let year; the arches mee joined 
to the body during 8rd year. 

SECONDARY CENTRES - Fori- 

Tips of Spinons ft Transverse^ Prooesses -One each, ) 6th year. - (The tip 

of each transverse process has sometimes two centres, but these are gena«lly 
more or less united). 

Upper ft Under SnrfBtceS of Body -Two,- list year, - for two thin oirodar 
plates thickest at circumference, of which plates the upper one is the thidnst 

These secondary centres join with remainder of the hone about SOth year. 
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OSSIFICATION of the SPINE - 2nd Tablet 



ATLAS. 

Two Lateral Primary Centres - in artioular prooeues, 7th or Sth week I for lateral 

manes & poitorior aroh. - These oentres correepond to the lateral ocntrea of the other 
Tertebre. 

The two halves of the posterior arch nnite during Srdjear, their nmon being fre« 
qnently preceded hj the appearance of a mediaH spinal centre* 

The Atlas having no body, has no central primary centre; the anterior aroh re- 
mains therefore as a simple bftnd of cartilage for a oonsiderable time. It is ossified 
sometimes bj extension of osseous tissue from the lateial masses, at other times 
from either one central or two lateral secondary centres appearing in Ist year. When ossified 
separately, the anterior arch joins with the latend masses in 6th or 6th year. . 

AXIS. 

Three Centres for Body - ^o lateral and one median I the two former appearing 
in 7th or 8th week for latnma h processes i the latter appearing in 6th month for 
lower part of body. 

Three Centres for Odontoid Process - Two lateral, k one median. 

The former for lower part of the process, 6th or 7th month. - These oentres unite 
before birth into a bi-lobed oonical mass deeply deft abore^ which joins with body 
during 8rd year. ^. 

The latter, for apex^ appears at a later date in the wedge-shaped piece of 
which fills up the oUit (Humphry). 



SEVKNTH CKBVXCAL VERTEBRA - Anterior part of transverse process is dereloped 

from a separate r^ii/r^ which appears about 6th month i it joins posterior part and body 
between 5th h 6th years. Sometimes this portion of the bone remains separate, 
and, extending outwards, deyelopes into a cervical rib* 

The anterior part of the other oerricsl transverse processes is usually ossified by 
extension of osseous tissue from lateral primary oentres. Additional centres, but 
appearing much later, haTO howerer been obserred in the sixth & even the fifth 
YtrtebriD (Meckel). 

IiXJMBAR VEBTEBRiBf - Two additional centres for tubercles on back of superior articular 
processes* 

The transverse process of the first lumbar vertebra is sometimes developed from 
a separate centre, and may then remain permanently nnoonneoted with the rest of 
the bone, forming a lumbar rib. .-^ " 
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OSSIFICATION of the SPINE - 3rd Tablet. 



THE SACRUM - Thirty-fiye centres, vHioh mftj be grouped as follows t - 

Fifteen Frlmary Centres - Namely, thret/or each ofthefvi vertebra^ as followi: 

OifE FoK Body - 8th or 9th week in the three upper yertebroe, rather later in the tvo 

lower onea. 
Two roB LAXiNiE, Spinous, PosTXBioK TBAKsv£&SBy&ABTicuLAB Processes, AND Bmau 

PoBnov or Body - Gth monUL 

Twenty Secondaty Centres * Which may be gronped as follows t - 

Fob Anterior Tbansversb Processes or the Three Upper Vbbtsbbjb - Three oneadi 

side, above k externally to anterior saoral foramina, 7th month. 
Fob Uppeb ft Unbeb Subpaces of Bodies - Two for eaoh yertebray 16th year. 
Fob Aubiculab Subpaces & Borders - Two on each side^ I8th or 80th year. 

The bodies are at first separated by intervertebral discs. These begin to oeafy 
from below upwards abont 18th year. The bodies of the two first Tertehne, 
however, are not nnited before 25th year, or later. 

The lamina <Sr* processes are joined to the bodies, and the several laleral 
masses to each other, also from below upwards, union taking place aboat 
2nd year in the lower vertebra), aboat 6th or 6th year in the npper ones. 

The two laleral plates join with remainder of the bone abont tSth 

Sometimes there are separate centres for the anterior transverse 

of the two upper vertebra) only^ the total number of oontres being then rednoed 

to thirty^three. 



THE COCCYX -* 7^0 ^o^ coccygeal rertebrsa are usually dereloped each of them from ooe 

oentre, the first one sometimes from two; ossification commencing in the 

1st vertebra • • about the time of birth ; 

2nd „ • • from 6th to 10th year; 

8rd „ • • a little before puberty; 

4th „ - - a little after puberty. 

• The three lower vortobrm join together before the middle of life; the 
second one joins with the first at a later period ; and ultimately, eqwdally 
in the male, the first vertebra may join with the sacrum. 
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OSSIFICATION of the BONES of the SKULL. 



SPHENOID - Fire centres for each lateral half: ^ 

"^ ' Gireater Wing ft Szt. FtOiygoid Plato-- Oiie,botfreen foramen orale fk foramen rotandum, 

Posterior Part of Body - One, in sitaation of Bella tnroica, alittle later. C^^h week. 

Lesser Wing ft Anterior Part of Body - One, jast ontaide optio foramen, 8th or 9th 

week. - Sometimes anterior part of body is ossified form a separate centre. 

Internal Pterygoid Plate - One, 4th month. 
Sphenoidal Turbinated Bone - One, Srd or 4th year. 

These segments nnito as follows : - 
The two Centres fob Posterior Fart op Boor •« 4th month. 
Internal Pterygoid Plates with External - 6th or 6th month. 
Le8S£I( Wings & Anterior Part op Bodt (which form together what is sometimes 
called i\io presphenoid) with Posterior Part op Bodt -7th or 8th month. 

At birth tho bono consists therefore of three separate portions, the 
body 6r* lesser win^ in the centre, and, on either side, the greater wings 6f* 
the pterygoid fro:esses. 
Greater Wings with Posterior Part op Bodt (forming postsphenoid) - 1st year. 
Sphenoidal Turbinated Bones with Puesfhenoid - 10th and 12th year. 

Body of sphenoid joins with occipital about 18th or 20th year. 

TEMPORAL ~ Three principal centres & several smaller ones. - Consists at first of the three following 
Sqnamo-ZygOXnatic - One centre, near root of zygoma, 7th or 8th week. [portions : - 

Tympanic - One, in lower part of outer wall of tympanum, Srd month. - The tympanio 

portion is an imperfect ring deficient in its upper fourth, and grooved 
along its inner surface for attachment of membrana tympani. 

PetrO-Mastoid * Kumerous small centres, 5th or 6th month. The first centre appears over 

cochlea ; one or two others appear soon after over semi-oiroular canals. 
These centres soon unite, and ossification then extends into mastoid portion. 

These three portions unite as follows : -< 
TrHPANic & Squaho-Zygomatic - Before birth. 
Squamo-Ztoomatic & Petro-Mastoid - Ist year. 

The external auditory meatus deepens gradually by extension out- 
wards of squamo-zygomatio portion, above, and of tympanio plate^ below. 
The Glaserian fissure is a persistent portion of the primitive fissure between 
these two portions of the bone. 

The mastoid process begins to protrude during seoond year; its cells are 
not formed till puberty. 

The styloid process ossifies at puberty, but does not join with re« 
mainder of the bone till adult age is reached. 

OOCIPITAIi - Seven centres. -Consists at first of the four following portions : - 

Tabular -* Four centres, in pairs above & below oooipital protuberance, 7th or 8th week. 
Conoylar i One centre each, a few days later. 

Basilar i 

The four centres for tabular portion unite very early, forming % thin 
plate of bone fissured above, below^ and at either side. 

These three portions unite as follows : - 
Tabular & Condylar - Srd or 4th year. 
Condtlae & Basilar - 6th or 6th year. 

The persistence of the lateral & supero-medlan fissures sometimes 
gives rise to two large symmetrical Wormian bones. 

Occipital joins with body of sphenoid about 18th or 20th year. 

PARIETAL - One centre, in parietal eminence^ 7th or 8th week. 

KTHMOID - Three centres :- 

Lateral Mass ** One, in orbital plate, 4th or 6th month* 

Vertical ft Cribriform Plates - One, 1st year. 

The three segments unite about beginning of 2nd year. 
The ethmoid cells are formed about 4th or 5th year. 

FBONTAIi "* Two centres^ one for each lateral half, in orbital arch, about 7th week. 

The two halves are joined by a suture during first year| and by oneovia 
uiuon from below upwards, usually daring the second. 



184 



OSSIFICATION of the BONES of the FACE - 1st Tablet 



LOWBB JAW. 



"ProhMv ^ 09te ftinti^ centn tor eaeli lateral half, wliioh centre appears early 
in 6th week in the nbrons tiisue on oater side of oartUage of Meckel s and snbeeqnentlj 
/bur other smalUr centres for corommd process^ condyle^ ongU^ and inmer side ofaheolar arch. 

The two halves nnite during let year, osaificatiott of the symphyaia taking^ p]aoe 
from below upwards. 

The oharaoteristioB of the bone at birth, andfor some time afterwardBf are as follows:- 
Bodj shallow % ramus obliqae & short; angle obtuse; coronoid process large; mental 
foiamen near lower border. 

During the doTelopment of the milk-teeth, and still more so during thederelopment 
of the permanent teetii, the following changes take plaoe:- Body increases in length, 
depth, i thickness; ramus lengthens also; angle beoomes less obtuse; and the mental 
foramen further removed from the lower border : In the adult the ramus joins with the 
body nearly at right angles, and the mental foramen is as far removed from the lower 
border as it is from the upper one. Farther, the curve of the alveolar arch, from being 
semi-oiroular, beoomes semi-elliptioal ; this is due to the elongation alfecting mainly 
the posterior part of the body, which has to accommodate the large permanent molars. 

In advanced ag^ the ramus ag^n becomes oblique, and the angle obtuse; and tho 
mental foramen approachea the upper border through the alreolar prooeas becoming 
absorbed in consequence of the loss of the teeth. 



UPPKB JAW. 



Probably * fiyo centres appearing about 6th or 7th week, for ^ 

Aheoiar Arch ; ,.^ 

Palatal Ptnium ; 
Orbital & Malar Portiotis; 
Nasal & Facial Portions ; 
Incisor Portion ; which parts unite about end of 3rd montlu 

The antrum appears about 4th month as a shallow depression on inner suTfaoe of 
the bone; it deepens and expands in the outward direction, and separates the orbital k 
palate portions which are first very close to each other. 

In most mammals the part which bears the incisor teeth is a separate bonei, the 
infermaxillary or premaxillary ; and for a long time in the human subject a fissure, the 
incisor fssure^ may be seen to paas outwards from the incisor foramen to the alveolar 
border internally to canine tooth. It does not appear, however, that, even in the earliest 
stages, this fissuro has ever been traced upon the face, or that, in the human subject, the 
intermazillaiy portion has ever been found entirely detached from the remajider of 
the bone, except in bad cases of cleft palate. 

Both alveohir arches present at first a groove, ih^ primitive denial grw^ (Arnold, 
Goodsir^ in which the tooth germs ara formed (Y. Development ctf the teeth). This 
groove IS deepened, in the upper jaw by the down-growth of two ridges from above, in 
the lower jaw, by the development of a thin plate of bone on the inner sufaoe of the 
body ; it is then divided by partitions into separate chambers for the several tootlk-caoa. 
The alveoli proper are formed round the fangs of the teeth as theee rise to their ^»*t 
situation in the gums. 

« Tho Jaw-bones, lint the lower one and then the upper one, ara fonned io wr earij -bcfdtesav 
Other t»oiie sicept the daricls - ana io nq^dly, that it is Sifflcult W 
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OSSIFICATION of the BONES of the PACE - 2nd Tablet. 



PALATE ~ One centre, at jnnction of horizontal and rertical plates, 7th or Sthweek, 
LACHRYMAL - One centre, 8th week. 
NASAL - One centre, 8th week. 

VOMER - One centre, near upper border, 8th week. 

From this centre two lateral plates are developed from above downwards, one on 
either side of the median cartilage. These plates nnite g^radoallj into one ; and by the 
age of puberty, the ossified septnm presents a mere groove on its antero-snperior border. 

MALAR - One centre (perhaps two, Darwin) 2nd month. 

INFERIOR TURBINATED - One centre, 5th month. 

HYOID - Pi^e centres: -Three for body^ ffreattr cornua appearing aVjjfe 9th month; two for 
lesser cornua appearing in Ist year. 

The comna join with the body, the greater ones towards the middle of life, the 
lesser ones in advanced age. - The stylo-hyoid ligaments are frequently ossified in part 
of their extent. t . ., . > — t— 
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OSSIFICATION of the BONES of the THORAX. 



STEBNUM. 

MOBKAL CEXVTBS8-13iz.-OneinoeiiireofeaoliprimiiiTe8^^iiientt* 

Manubrimil - One, 5th or 6th month. 
Gladiolus - Foar, as follows :- 

First & Second Segicbhts - One each, 6th or 7th month. 

Thixd Segment - One, 9th month. 

FouETH Seghemt - One, Ist or 2nd year after birth. 

EnsifonXI Appendix - One^ between 2nd and 18th jearst 
ADDITIONAL CENTRES - Are not nofreqnently met with. Thus the 

MaXlUbrinm - Hay have 

7\tJo centres one above the other, of which the npper one ifl the larger; 

or three, or sometimes six, - It frequently presents 
Two small Epistemal Centres^ one on each side of interclavicnlar notch. 

Seoondj Third, ft Fourth Segments of Oladiolos - May hare 

Twa Lateral Centres Each - The oooaaionally imperfect nnion of which 
centres may g^ro rise to a sternal foramen. 

The ensiform appendix 6r* the first segment of the gtadi^us haTS 
rarely more than one centre each. 

UNION - Takes place between the above pieces as follows :^ 
Gladiolus - (From below upwards) : 

Third &* Fourth Segments ~ Soon after puberty. 

Second 6r» Third Se£f/ifnts <- Between SOth and 25th years. 

I^rst <&* Second Segments - Between 35th and 40th years. 

Hakubeiuu & Ensiyoem Appendix - Hiddle period of life. 
Hanubbium k Gladiolus - In very adyanced i^. 

KIBS * ^^ufoe centres eaoh, except in case of two last. 

Shaft - One, in posterior part, 7th or 8th week. - Ossification extends ra|Mdly, wad 
reaches situation of permanent (costal) cartilage about 4th month* 

Head ) 

\ - Oneeach^ 16th to 20th year ; join with shaft about 25th year. 

Tubercle ) 

The two last rids, having no tubercles, are ossifiedi each finoa 
two centres only. 
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OSSIFICATION of the THOKAOIC and PELVIC LI! 

GIKDLES. 



SCAPULA* 

One Primary Centre for Body - A lUtle behind glenoid oaWty, 7ih or SOi week. 
Soon expands into a triangular plate, from upper & back part of which the 
spine arises as a transverse ridge about 3rd month. 

Six Secondary Centres - For 

Middle ot Coracoid Paocess ^ 1st jear; joins with remainder of the bone about 14th 

or 16th year. 
About the same time there appoar in quick sucoesiion five centres for 

Base or Cosacoid Process^ 

Base o? Acbomion, 

Lower Akole, & Lower Fart of Posterior Border, 

Tip op Acromion, 

Bbmaimder of Posterior Border. 

All these epiphyses join with body between 22nd & 25th years. 
Another epiphysial lamina is sometimes developed in margin of^Umid iovity* 
« 
Olf AVXCLSi - Vide L(mg Bones with one Epiphysis* 

INNOMINATE BONE. 

Three Primary Centres - For 

Ilium - A little above great sacro-soiatic notch ; 8th or 9th week. 

IscHiuu - In body ; 3rd month. 

Pubes - In horizontal ramus ; 4th or 5th month. 

At birth, processes of osseous tissue have extended into the acetabulum 
from each of the three parts of the bone. These processes, though growing 
towards centre of acetabulum and towards each other, remain separated by 
a T-shaped piece of cartilage till some time after I8Ui or 14th year, i>., for 
some time after appearance in this piece of cartilage of first of the secondary 
points of ossification. 

The rami of the pubes & ischia are iDcompletely ossified till about 6th 
year; they are joined together about 7th or 8th year. 

Five Secondary Centres - Appearing about 13th or 14th year, for 
T-SuAPED Piece of Cartilage at Bottou of Acetabulum. 

This piece, when ossified, connects, about 17th or 18th year, first ilium to 
ischium, then both the former to pubes ; the ilium forming rather less than fths, 
the ischium rather more than {ths, and the pubes the remaining ^th of the 
acetabulum. - This Y-shaped piece is sometimes ossified from several centres. 

T»K.i« orl^siS'"* ^''""' °' ^""" \ Tbese cpiphyse. join with regain- 
ST«Sw "puBf,"" "* i ««' °f tJ^" ^^'^ ""O"' 26th year. 

Beth in the foQtus and the young child, the pelvis is much more oblique, 
and of much smaller capacity than it is in the adult : The bladder in 
both sexes, and the uterus in the female, lie partly above the brim. 
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OSSIFICATION of LOHG BONES with TWO EFIFHY&IS- 

1st Tablet 



B01IE8 OF UFPKB 



I I 



Head * i«t or Sod jMT. 
Greater Tuberoeitj - Scd y«Mr. 

The Z//Ar Tyberoaiy ifl OMified eitlMr bf ezteaskm o€ OMOoa t»«iw 
from groaier toberaat/, or from a separate centra ^^uch appears in 5Ui 
jear. In this same year the «ji/w>&rM^il«r</ 6r*rt»fcrwdi» are i^^ 
one epiphysiSy which is joined to the shaft aboat 21st jear. 

Capitelltiiny ft Outer Portion of Trochlea - 2nd or Srd year. 

Inner Condyle - 6th year. 

Inner Portion of Trochlea - nth or 12th year. 

Outer Condyle - l^th or 14th year. 

The ifuUr condyle &• tJu two portions oftnferwrartkuUursurfaa unite to 
form one epiphysis, which is joined to the shaft about 16th or l7th year. 

The inner condyle forms a separate einphysii^ whioh is joined to the 
•haft aboat 18th year. 

B ADIU8 -* Three centres, for 

Shaft * Bth week, a little after htunems. 
Lower Epiphysis - 2nd or Srd year. 
' Upper Epiphysis - 6th year. 

These epiphyses are joined to the shsf t as follows i - 

TTppeb EpiPHf sib - 17th or 18th year* 
Lowsa BriPHiBM - 20th year. 

tJIiNA - Three oentreS| for 

Shaft - 8th week, a little after radios. 

Lower Epiphysis - ^or head & styloid process, 4th or 5th year. 
Upper Epiphysis - For extremity of olecranon, 10th year. Coronoid process, and afl 

but extremity of olecranon, is formed by extension of osMOOS tlssao of Aaft- 

These epiphyses are joined to the shsft as follows i« 

TTppke Epiphysis - 16th year. 
LowBE £piPHT8is - SOth year. 
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OSSIFICATION of LONG BONES with TWO EPIPHYSIS- 

2nd Tablet. 



BONES OF LOWER LIMB. 



FBMUB - ^^ Cenires, for 

Shaft - C>th week, <- before any oilier long bone ezoept clavicle. - The ncek is formed by 

extension of osseoos tissue of shaft* 
Lower Epiphysis - For condyles & tnberositiesj 9tli month. 
Head ~ 1st year after birth. 

Oreat Trochanter- 4th year. 
Lesser Trochanter - 13th or I4th year. 

These epiphyses & apophyses are joined to the shaft as follows ;- 

Lessee Tkochaeter - 17th year. 
G&EATBB Tbochanteb - 18th year. 
Head - 19th year. 
LowEB Epiphtsis - 20th year. 

TIBIA - Three oentres, for 

Shaft - 6^h week. 

Upper Epiphysis - ^<^ tubercles & both iuberositiesy 9th month. 

Lower Epiphysis, including ItUemal Malleolus -- 2nd year. 

These epiphyses are joined to the abaft as follows :- 

LowEB Epiphysis - 20ih year. 
Uppeb Epiphysis - 26th year. 

There are oocasionally separate centres for TubcrcU & Internal MaUtduu 

FIBULA - Three centres, for 
Shaft - 7th week. 

Lower Epiphysis - Snd year. 
Upper Epiphysis - 4th year. 

These epiphyses are joined to the shaft in the order pf their a/fearance :- 

LowEB Epiphysis - 20th year. 
Uppeb Epiphysis - 25th year. 
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ONE EPI 
SIS ONLY. 



CLAVICLE - Two centre^ for 

Shaft - 5th week^ before anj other bone. The oasiflcation oommenoes before depo* 
rition of oartilagOi bat afterwards progresBOS in oariila^ aa well at in 
fibrona tiarae. 

Steucal E5D - 18th or 20th jear. JToina with shaft about 25th jear. 

METACARPAL ft METATARSAL BONES ft PHALANGES- Two oeniM, for 

SHin - 8th or 9th week; a little later in phalanges of toes. 

DiBTkh ExTBJSxirr or Foua Inker Hetacaepals \ 

& FouE OuTEE Metatassals f 8rd to 8th jear« or a little later 
Fkqxixal Exteekitt of Fhalamoes, & OF 1st ?in phalanges of toes. 

Hetacaepal & 1st JIetataesal J 

« 

All these epiphyses nnito with the shaft from 18th to 21st 
The first metacarpal & the first metatarsal have sometimes an 
epiphjsis at their distal extremity (Allen Thomson)* 
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OSSIFICATION of the SHORT BONES 



Are all cariilagfinous at birth, and are ossUied aa {ollowa from one oentre, ezrept Patella^ 
whioh has Bomotimes two centres placed side by side^ and Os CakiSf whioh has an 
additional centre for its posterior & outer surfaces. 

BONES of UPPER LIMB. 

Os HAGMUK - Ist year. 
Uncifokk - 1st or 2nd year. 
CuNEiFOEM - 8rd year. 

Trapezium ) «5thvear 
Semilunar { -wnyear. 

Scaphoid - 6th or 7th year, 
Teapezoid - 7^^ ^ 8^h year. 
FisffOBM - 12th year. 

BONES of LOWER LIMB, 

Os Calcis - 6th month. The additional centre appears about 10th yeaTf aad ](^8 
with remainder of the bono about 16th or 16th year. 

AsTBAOALUs -> 7th month. 

Cuboid - 9th month. 

EzTEBNAL CuNETTOBM - Ist year. 

Patella - 8rd year. Has sometimea two oentres placed side by sidew 

Intebnal CuiTEiFOBM - 3rd year. 

HiDDLE Cuneiform - 4th year. 

Scaphoid - 4ith or 6th year. 
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TABLEAU of the OSSIFICATION of the LONQ BONES. 



BHAn^ — Om Otttn, fram % Uttia bafora nUdla to k llttia ttttr taAUSai immtli t - 
CuTioiB ft Fnnn^ flrtt - Mh wMk. 
HcTAOurtL, Hramuai. Sokw, ft PBALUszt, lut - Sill or Sth wo^ 

At Urtb, lOl tlw alwf ti HO OMified In Uw g»ft(«r pvt of th^ flrtvt. 

EFIFBTBE8 — Om eantn tot aMb, «wMpt i - 

rsM UK - Two kddltloul oontrM tor trocianttrt. 

Hranvi - roar addition*! Mntrea tor greater tuietvi&jr.tmidyla, 6* uuurfartmi e/fracila. 

Tho metMMrp*] ft niBtetaml bouM (ozcopt tba flnt) harg 

their ei^phjali at their d£r/<iy or phslnagMl eztramitj; tba Gnt 

— Maoknwl ft firtt mrtatMHtl bonea uid the pbaUngM Iutb their 



DatM of ApfMBtanoe of tlie BpipliTMs. 
At BiBTH - Lower ap. of tannrt 

Upper ep. o( tibia, 
let Teak - Upper ep. fbew]) of famnri 

Upper ep. (haad^ of bamerni (lit or Ind Jf)- 
Sao TsiB - Lower ep«. ol tibia, flbnla, ft radini (Badiu,9nder Sid rear), 

Cspitellnm ft onter portion of troohlaaot bomeru (Ind orSrd 
Sbd TI1.B - Oraater Inberoiitr ot humeral j [jmi). 

4tr Yiab -Upper ep. of fibalai 

Qre&Cer trDch&nter of feronr | 

Lower ep. of ulna (4th or 6th fear), 
5TB Tt*B -Upporop. o(radin«i 

Lmht tnberoeitf ft inner condyle ol hnmenu. 
lOrn Tb*k - Upper ep. of nine (tip of oleoranon). 
llTHOilSrnT.-lDDer portioa of troohlea of hnmemi. 
18lH0»l*rnY.-LBaiw troobanter of fenmri | 

Ontar oondjla of bnmenu* 
lOniOilOnlT.-atemalendoIoUrioIa. | 

8bd to 9m T. - Bpe. of the netaoarpal ft nwt«Ureal bonei^ ft pbalaage^ 

DatM of their Union with the Shaft. 

lerR Tbai - Upper ep. of nlna. 

leru OK 17th y. - Onter oondjie, ft the two portlcoi of inferior ariionlar ■orfaeeaf 
[hnmema (UU or i7th ymfy 

I7th Tkib - LeaMr troohantar of famnr. 

I7tuok18thT.- Upper ep. of radiu; 

19rK Tub - Inner oondyle of hnmtrai. 

Qraater troobanter of femnr. 

IStrtoSIrT. -^w. of metaoarpal, ft metatarMl bone^ ft pbala^«K, 

IBth Tbik - Head of femur. 

IOtu Tbik - Lower eps. of temnr, ntdio^ nlna, tibia, ft Cbola. 

lln TlAB - Upper ep. of bnmerni. 

tSm Ybib - Upper epa. of tibia A Sbnla, ft Btamal and of dancfa. 

In the nppar limb, the epipbjaaa whioh eatM into tha for«*^ 
of the elbow-joint, and tawanU which tlie rei p eotiTe iialiwwl (oni 
are direoted, oeeif; later than the oj^oaita epiphjwa, bat the; 
earlier with the ehaft la tlia loww limb, the qi^ifaTMa vkick i 
into tba formatioB of the knea-Joint, aod^vM wUeh tba iiiiii'"i 
nntilentfaraininaarediiaotad,aaaifr(ete«ptiatke< - ■ 
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THE DEVELOPMENT of the LIMBS. 



Takes place when both the axial part & the membranes haye already made considerable 
adTanoe, i^., in the first half of the fourth day of incubation in the ohick, and abont the 
commencement of the fourth week in the human embryo. 

These appendages appear as buds from the side of the trunk, externally to the point of 
diyision of the mesoblast intosplanohnopleure & somatoplenre;* and they are soon seen 
to bo formed by the somatopleure & by the epiblast. - The upper or anterior limb-bud 
appears a little before the lower or poaterior one; and for a time it is a little more 
adyoncedin deyelopment. 

Both limb-buds first deyelop into semicircular lappets with surfaces outer & inner (or 
dorsal & yentral), and borders anterior & posterior, the correspondenoe of which 
surfaces & borders with those of the future limbs is a point of considerable interest. 
Humologically the outer & inner (or dorsal & yentral) surfaces of the lappets correspond to 
each other in all yertebrates: - The outer or dorsal surface becomes the extensor surface, 
and the inner or yentral surface becomes the flexor surface in both upper and lower 
limbs; and so also do the anterior & posterior borders correspond : - the anterior bordeir 
becomes what is called in oomparative anatomy the preaxuU border, and the posterior 
border what is called the /(?i/<MrM/ border. Topographically, howeyer, these surfaces & 
borders do not correspond in man k the primates, as will presently be shown. 

The lappets deyelop mainly into the hands k feet : - Lidentations demarcate the fingers & 
toes s the poUex and the hallux—- in man & the primates, the thumb & the big toe- 
always being in front, or preaxial in position. 

As the limbs elongate, the notch (elbow or knee) which separates the fore-arm 9t leg from 
the upper arm k thigh, appears on the yentral surface & preaxial border. Enlarged 
int^gnmental folds deyelop at the same time at the root of each limb. 

Tissue-changes complete the eyolution, except as regards attitude, which latter differs in 
man & the primates from what it is in the lower yertebrates : - In the latter, both 
limbs rotate inwards: in both, the extensor surface lies in front, and the flexor surface 
behind ; the pollex & hallnx, the radius & tibia, to the innor side ; and the ulna & 
fibula^ to the outer side. In man & the primates, on the contrary, while the lower limb 
rotates inwards, as abore, the upper limb rotates outwards : - The flexor surface of the 
arm and fore-arm gets to the front, and the extensor surface to the back; the thumb 
(pollex) & radius pass to the outer side; the ulna k little finger to the inner side. 
Such is the case, at leasts in the conyentional or supinaied position. The upper limb 
of man h of the primates reyerts, howeyer, to the embzyonio type in semi-pronation, 
and to the lower yertebrate type in complete pronation. 

*At the point of diridon of the metobhwt there it at lint a BlightW eletatdd longittt- 
dlnal ridge, ■omeUmes called the lYolfflan ridge ; this ridge aoon diaappesisb hofrereri 
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PBVELOPMBNT of the MTreOLES, 

<* The muscles oC the irauk dcrire their origin from the moBcalAr plates prcriooalj 
*< referred to as Mng separated by diiferentiation of the formatiye cells in the outer or 
* superficial part of the proterer tebral masses. Somo difference of opinion exists^ howerer, 
** among embryologists, as to how far the hypasial (hTposkeletal of Hnzlej) as well as the 
"epazial muscles, proceed from this source alone, or whether only the latter are traceable 
" to the mnscnlar plate formed bj the protorertebral differentiation, and the hypaiial m«j 
** be supposed to proceed from a deeper scarce." 

'* Becent obserrations seem to show that a downward extension of the meeoUaat 
" from the protoyertebm may also gire rise to the hypazial mnscles." 

''Being dereloped from the segmented protovertebral elements, the mnsoalar plate 
** shows at first the same division into segments, which are separated for a time by inter- 
« muscular septa (myotomes), as occnrs during life in a considerable number of them in 
"fishes and amphibia." 

" The formation of the longer muscles of the trunk proceeds from the disappear- 
" ance of the septa, and the longitudiaal union of the fasciculi of successire myotomes. 
" in the trunk the direction of these remains for the most part chiefly longitudinal, bat 
"those connected with the limb-girdles change their direction with the derelopment of 
« the Umb." 

"Tho formation of the muscles of the limbs themselves has not been traced ia 
** detail. The greater number of these muscles appear rather to arise independently ia 
" the blastodermic tissue of the limb-bud, than to be prolonged from the sheets of trunk- 
"muscles (KoUiker)." 

"The facial muscles, and the platysma, belong to the subcutaneouB system, and are 
"dcTeloped along with the skin." 

*< The diophragm is at first wanting. It arises soon'af ter the formation of the laugi, 
"from two parts which spring from abore and the sides, and which divide the pleural 
** and peritoneal caTities, which weie preriously in one, from each other." 

*' The muscles begin to be formed in the human embryo in the sixth and serentk 
"week." 



DEVE LOPMENT of the JOINTS. 

" With regard to the formation of the joints, very little is known. Ic would appear 
"that the cavities of the synovial joints are not yet formed at the time when ohondzifi* 
<*cation has taken place in the matrix of the bones. It is therefore by a secondary 
"process of solution of continuity that these cavities are produced. The articular oartil- 
*' ages remain as the coverings of the opposed surfaces of the bones, and the varioas 
" ligamentous and other parts belonging to the jointi arise by processes of textaral 
"differentiation which it is unnecessarj to particularise here." 

Dr. Aiim Thomson's Dtscriptions* - Quain's Anatoxt, 8^4. Ed.^p*p. 7^ <Sr 745. 



88 



DEVELOPMENT OF THE TEETH. 
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DEVELOPMENT of the TEETH - 1st Tablet. 



THE FIVE STAGES. 



The teeth are deTeloped from the epithelial A dermal ooTerings of the free edge of 

the alyeolar arohei. 
The process is diyided into i* 



THREE PBIHABT STAGES -The 

Fapillazy^ FoUiOUlari A Saconlar (iBt Saccular) - Oompletlng the eyo. 

lution of the temporary, deciduotis, or mUk4eeth% 

A SEOONDABT. STAGE - The 

Second SaoOUlar - Completing the erolntion of the fm auieriar permanent iieth 

oi eaoh Jaw, or teetA of successHm. 

A TEBTIAB7 STAGE -The 

TUrd Saooolar - Oompleting the erolntlon of the six poOerior permanent teeth 

of each JaW| or superadded teeth. 
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DEVELOPMENT of the TEETH — 2nd Tablet 



THE TEISPORART, DECIDUOUS, OR MILK-TEETH. 



THSIB EVOLUTION: 

Papillary Stage - I^m 6tk (o llth week of fotal life. 

Abont the 0th veek of fODtal life, a groore, the primiHut denial grotioe (Arnold^ 
Goodnr), is formed. along the free border of eaoh alveolar aroh. 

In the titnation of thia groove^ the lajer of epithelium beoomee greatly thickened, 
eo aa partly to fill up the groove with a horse-shoe-ahaped prooess of oeUi^ the 
common enamel germ. 

In the Bitoation of the ten fatnre deoidnonB or niiTk»teethy the oommon enamel germ 
■ends prooemes downwards into the embzyonio tinraes, eaoh pr oo e e a depreae- 
ing the dermal layer. 

These processes, the special enamel germs of the ten deciduous or mUk'tedk^ incline 
oatwards and become expanded and club-shaped inferiorly, remaining con- 
nected with the oommon enamel germ by a narrow and somewhat tortnons 
pedicle. 

From the bottom of the recess in which each special enamel germ is contained, 
an eminence or papilla of the derma now rises up ; and, depressing the under 
snrface of the enamel germ, becomes capped thereby. 

Follicular Stage - From lOth to I4th week. 

Membranous septa separate the above mentioned recesses, whidh now beecnne 
the dental follicles. 

Saccular Stage (l«t Saccular Stage) - JTrom 14th to 16th week. 

Is marked by the closure of the dental follicles. 

This closure is effected in the following manner : - 

From the upper or constricted part of each follicle, small membnavoaa 
processes, or <^^a<^, are developed, two in number for.the incisors, three for the 
canines, four or five for the molars. These unite and close the foUiole, which 
now beoomes a dental toe. 
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DEVELOPMENT of the TEETH — 3rd Tablet. 



THE TEMPORARY, DECIDUOUS, OR MILK-TEETH. 



THEIB GROWTH. 

The papilla or pulp beoomes moulded to the form of the future tooth. 
Its superficial parts become hardened into dentine. 

The surface of the crown is coated with enamel by the enamel organ % that of the 

fang or fangs becomes coated with cement. 

The Pulp -- The crown of the tooth is shaped first. A oonstriotion round its base 
demarcates the cervix. The parts below elongate to form the fang orfangs* 

The Dentine - Xts Dsposition is as follows : - A thin cap is formed over the most 
prominent point of each inotsor or canine, A over each ousp of the molars. 
These caps coalesce when there are more than one. The shell then extends 
over the tooth hj growth round its edges, and becomes thickened at the 
expense of the pulp by additions from within ; - the thickening continuing 
till nothing but a small pulp-carity and a greatly reduced pulp remain, the latter 
supplied by slender vessels ^ nerves which enter by a minute opening at the 
apex of the fang. 

The Minute History of its Fokkatioit is as follows : - The interoellular 

substance of the pulp is transformed into the intertubular substance of the 

dentine by the deposits of nodules or globules of calcarious matter which run 

together into a uniform hard substance.* The dentinal tubules are left as 

Yaouities round the radiating h ramifying processes of the more superficial 

odontoblasts. 

* Imperfect coalescence of some of the osloiilou globnles between the inooeMlvf 
■trata of calcification gives rise to the incremental Unes^ tnitrglobular tp€tc€s, ^gnmular 
layer of Purkinjt (Vide Stmctore of the Teeth— 8rd Tablet). - The Inner surfaoe of the 
growing dentine is nodulated. 

The Enamel - The enamel organ (Purkinje) is developed as follows from the special 
enamel germ of each tooth : -> 

The cells which line the dental sac remain flattened or cubical; those 
which surround the pulp (the crown — the only part as yet differentiated) 
become columnar & prismatic ; the intermediate cells increase in number and 
become joined together by anastomosing caudate prolongations and by a 
gelatinous substance which accumulates in their interstices. 

Capillary loops dip into the enamel organ from the neighbouring parts ; 
and, on the other hand, epithelial processes are prolonged from the enamel 
organ into the surrounding tissues. 

The enamel prisms are developed, either by deposition or by direct 
calcification, from the stratum of columnar cells, which cells are sometimes 
described as forming the enamel membrane. 

The remainder of the enamel organ dwindles away, - the more super- 
ficial ceUs remaining perhaps as NasmytKs membrane or the cuticula deniis 
(Vide Structures of the Teeth— 4th Tablet.) 

The Gement - ^ developed later from a layer of Maitema eaaraded from tha perio- 
dental membranOb 



DEVELOPMENT of the TEETH— 4th Tablet. 



THE TBMPOBABT, DECIDUOU^S, OB MILK-TEETH. 



H r^n: 



ZBUFTION. 



li due to th« oftification of the locketfl or alTeoH, to the IncreaBxig haight of hoth 
orown and fang, and to the abiorption of the tismies aboTO, - the lajar of boM 
being abiorbed hy the agency of the oeteoolaets. 

The edge of the gum beoomee first dense and sharp, then ronnded, tnmHi 
of a purplish hue, and studded with a number of small white bodies at one titta 
taken for enlarged glands, but now beliered to be the epithelial prooeoa of tte 
enamel organ above described (Sharpey). 

A white point or line marks the approaohing perforation of the gum* 
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DEVELOPMENT of the TEETH - 5th Tablet 



THE PERMANENT TEETH. 



THEIB EVOLUTION. 

Second Saccular Stage. 

AboTzt the 14th week there appeared Baooessiyel j from before baokwardfl 
ten Innated depressions of the posterior wall of the upper and then still patent part 
of each dental g^roove, which npper part is sometimes called the secondary denial 
groove (Goodsir). 

The margins of this secondary dental groove now nnite, and the Innated 
depressions become the cavities of reserve, or mdimentarjr follicles of the ten anterior 
permanent teeth, which follicles are filled, like the dental groovCi with processes 
of epithelium. 

Those follicles elongate and recede into the sabstanoe of the gum behind 
the sacs of the ten deciduous or milk-teeth, - above and behind those of the 
npper jaw, below and behind those of the lower jaw. 

^papilla arises from the bottom of each follicle; and opercula separate the 
lower expanding portion containing the papilla from the npper contracted and 
soon solidified portion, or pedicle. 

The dental sac thus formed becomes snrronnded by an osseous chamber, 
which chamber is drawn ont superiorly into a canal opening upon the edge of 
the jaw behind the corresponding milk-tooth. 

Third Saccular Stage. 

The six posterior or superadded permanent teeth of each jaw are developed 
from the posterior cavities of reserve, which latter result from successive exten- 
sions backwards into the jaw of the posterior portion of the dental groove and 
enamel germ, (>., of that portion which lies behind the sac of the last temporary 
molar. From this portion, and by a process like that above described, is 
developed the sac of the first permanent molar. Opercula separate the lower 
part of this sac, and the papilla which it is soon seen to contaiQ, from the tipper 
part of the same; from which upper part is subsequently developed, in a similar 
manner, the sac of the second permanent molar. This latter sao undergoes 
transformations precisely similar, and from its upper part is finally developed the 
sac of the last permanent molar or wisdom-tooth. 

THEIR GROWTH - Bimilar to that of the temporary teeth. 

THEIR ERUPTION -The crown presses first against the bony partition which separates 
it from the milk-tooth and then against the fangs of the latter, and causes their 
absorption through the agency of the osteoclasts. This loosens the milk-tooth 
which fallB out or i« removediftnd the permanent tooth risef up totakeita plaoe. 
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DEVELOPMENT of the TEETH — Oik Tablet. 

DENTAL CHRONOLOQT. 

PEBIODS OF EVOLUTION* 

Papillary Stage - 7th to lltb week. - The papillae appear at abont the f ollowj 

dates, those of the upper jaw sUghtlj antioipatiiig those of 1 
First Molabs - 7th week. • [lower one 

Oanines - 8th week. 

Centkal iNcraoBS - Beginning of 9th week. 
IiATEiLAX Incisors - Middle of 9th week. 
Second Molass - 10th week. 

Follicular Stage - lOth to 14th week. - The foUioles are completed at about i 
PiBST Molars - 10th week. foUowiiig dates 

Oanines - llth week. 
Centeal Incisoes - 18th week. 
Lateral Incisoes - 13th week. 
Second Molars - 14th week. 

First SaoGolar Stage - I4th to I6th week. 

Second Saccular Stage - The limated depressions iqppear snooessiTel j from befo 

•^> backwards aboat the 14th wee 

Tllird Saccular Stage - ^^^ sacs & papillss of the three last permanent teeth i4)pe 

First Permanent Molars - 16th week. [at about the following dates 

Second Permanent Molars - 7th month after birth. 

Third Permanent Molars - 6th year after birth. 

The completely developed dental sao (as seen in an infant 
few months old before the emption of the teeth) oonsists c 
(1) an <mi€r/ibro'Vascuiar coat closely connected with the periodenti 
membrane; (2) a layer of jelly-like cellular tissue interposed betw€« 
this coat h (3) the inner coat^ which latter is highly vascnl&r, ( 
lined internally with the layer of columnar cells of the enast 
organ* The alveolus being imperfectly closed superiorly, the a 
is continuous above with the tissues of the g^nu 

*In sectiona, a space is usually obserred betireen these oeUs and the soitv 
of the enamel; tmt space la believed to be produced after death bju 

ahilnldnff of the loltpirt 

PEBIODS OF CALOIFICATION. 
Temporary Teeth. 

Orowns of all the Milk-teeth - About 4th month of foetal life. 
Fangs of the Same - About the time of birth. 

Pexmanent Teeth. 

First Permanent Molars - 6th or 6th month of festal lifew 
Central Permanent Incisors - 6th or 7th month ,, 

L*TT1I^ FlUUinMT IROIBOBS | .ga „ J^, ^^^ ^ 

Bicuspids - 2nd year. 

Second Permanent Molars - 5th or 6th year. 

Third Permanent Molars, or Wisdom-Teeth - lith year. 

The permanent teeth of the lower jaw are oaloified a little beft? 
those of the upper jaw. The enamel is formed shortly after i^ 
dentine, the formation oommenoing close to the dentinal surbd 
PERIODS OF ERUPTION. P* *■ ^'^ **^ andjriair' 

Temporary Teeth-Appear at about the following dates, those of the lower j aw sUgrij 
Central lNCisoR8-7th m. after birth, [antioipating those of the upper cc*- 
Lateral Incisors - 9th month after birth. 
First Molars - 12th month after birth. 
Canines - 18th month after birth. 
Second Molars - 24th month after birth. 
Permanent Teeth- Appear at about the following dates, those of the lower jaw sli^ 
First Molars - 6th year. Pj watioipating those of the upper oa« 

Central Incisors - 7th year. 
Lateral Incisors - 8th vear. 
Anterior Bicuspids - 9th year. 

Posterior Bicuspids - 10th year. / . ^ 

. X)anines - llth to 12th year. 
Second Molars - 12th to 13th year. 
Third Molars - 17th to 26th vear. 

For a year or so before the shedding of the temporary incM 
!>., between about the 6th or 6th k 7th years, there are ra^ 
eight calo&fied teeth present in the jawB, namely, all the tempxi 
teeth, and aU the permanent ones exoept the wisdom-teeth. 
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APPENDIX 



ADDENDA. 



(Three TaUets removed from the Body of the Work.) 
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KEFLEX A0TI0N.-3rd Tablet. 



OUZDINa SENSATIONS. 

TbiB liifliienoe of the will befog direotod iowardi Hbm mult of mvaoiilar ftokun, and 
noft towards the ning1ing out of iSbtm diflorant morenieats in thair neoa aaa ry oombina. 
iion and aeqnenoa, one or mora ^ gmdmg temtaHom^ beooma neoaaaary for the moonrato 
exaottfcion, bj the antbmatio iypanMM% of any numdate of the wiU. The atazio patient 
who oannot feel the pr eaa nr e of hia foot on the ground, nor Judge of the effort he ia 
making, ia, though he haa really anflered no loaa of mnaoolar power, aa oo^^>letely unable 
to atand or walk aa one whoaa limba are aotnally paralyaed, mUtsSt h looking at kis/eet^ he 
i ^^y *^ d^eimey of hit musctUar smu by (he tfisttai umst. - The aame with all semsori'maior 
6* emoHoiutl rejiex actumtm 

Hie muscular tense aappliei^ therefore, a guiding aenaation neoeaary for the matntenanoa of the 
standing attitude and for the perf onnanoe of the ambulatory morementa. - The p e r fo r m ^ 
anoe of the artiat, the handiwork of the artiaan, the oparatire In terference of the anrgeon, 
eto., are all extenaively gvided by thia aenae^ for ^in erery effort the amoont of foroe piu 
forth fa goremed by the mental oonoeption of that whioh wiU be required, aa indicated by 
preyiona ezperimenta." (Garpenter) 

The additional aaaiatanoe of the visual sense ia, howerer, inTalnable^ indiipenaable indeed to all 
thoae who haye not been aoooatomed to do without it : - Ko one^ when anddenly blind* 
folded, oan even walk atraight before him, though a blind man oan do ao with eaae. The 
Tertigmona moTementa whioh aie oanaed in pigeons by the blinding of an eye (Longet) 
are doabtleaa due to the andden suppression of the Tiaiial aenae. — To aome impairment of 
the auditory sense must likewiae be attributed the aingnlar jerking morementa of the head 
induoed by division of the semioiroular oanals (Flourens) : - Diidsion of the lateral r>ana.la 
. inducea lateral jerking moTementa, division of one of the Tertioal oanala induoea Tettieal 
jerking movements, and also, in rabbits, forward aomeraeta, if the anterior oanal be 
divided, backward somersets, if the posterior oanal be divided (Oyon). - It ia the and- 
tory sense that regulates the nice adjustment of the musoles of the mouth h laxysx 
required in vooaliaation 3 those who are bom deaf are also necessarily dumb. 

Sometimes the senses may, so to speak, contradict each other^ and disturb us rather than ^inda 
us : - Though we know we are safe, we feel insecure at the top of a tower if vra look ^Uywa 
at the predpioe below; few, except the somnambulisti who ia unoonaoioua of danger, cam | 
walk along a plank laid over an abyas^ unleaa the eye be withdrawn from belovr atti 
resolutely fixed on aome distant object. 

The guiding sensations whioh regulate the performance of habitual serial actions mAj, when the 
mind is otherwised engag^ed, supply the requisite stimulus for each aucoeaaive act of t^ 
aerieai and, in general, all movementa which have been habitually performed in a 
lar aaquenoei, may be kept up automatically, when the will haa onoe set then en 
An absent pedestrian finds, at the end of his reverie, that his limba have oarried liim ^a; 
aome habitual place of reaort, where^ for once^ he had not intended to go. - Tto 
regard to the operationa of the mind. *'If any two mental atatea be aaQed iq^ 
''or in anooeaaion, with due frequency and vividness, the aubaequent prodaolioaoC 
•"them will anifioa to call up the other, and that whether we desire it or not." (HaxWy) 
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KtJSS'S CliASSIFICATION of BEFLEZ ACTIONS. 



Was published at so yery nearly the same date as my own and so mnoh resembles it^ thai 
I haye thonght it desirable, for the sake of comparison, to transcribe it m extenso, I may add 
that my first Tablet on the snbject was lithographed, and was widely dronlated among Students 
in this oomitry (First or Jithographed Edition of the TabUts on Physiology, Benshaw, 1878) nearly 
two years before Professor Kiiss's Classification, or any account thereof, appeared in the english 
language, or became known to me. It is a singular coincidence that writers of two difEeient 
oonntries should develop essentially the same idea at so nearly the same time, and in terms so 
nearly equivalent. - It will be observed that Professor Kiss's ** Second Class " corresponds to 
my ^ Third Class" and znce versa, 

T.O, 

yunelSie. 

Classification of Reflex Actions, - * These are divided according to the direction 
''followed by the centripetal and centrifugal actions: these actions present twu 
"directions; either the nerves of the cerebro-spinal system, or the branches of the 
"great sympathetic." 

«The most numerous of the reflex actions follow the centripetal and centrifugal 
" direction of the spinal nerve filaments ; of this class, the larger portion we have 
"already cited under deglutition, sneezing, cough, walking, etc., and in pathology a 
" large number of morbid reflex actions, as vomiting, tetanus, epilepsy, etc." 

** A second class, ahnost as numerous, comprises those reflex actions where the cen« 
** tripetal direction is a sensory nerve of the cerebro-spinal system, and the centrifugal 
" direction a motor-nerve of the great sympathetic, most often a vaso-motor nerve \ of 
" this class are the reflex actions which give rise to most of the secretions (saliva, 
"gastric juice, etc.), to the phenomena of blushing, or pallor of the skin, to erection, 
" to certain movements of the iris, to certain modifications in the pulsations of the 
" heart, and in pathology to a large number of phenomena called metastatic, on account 
" of the great difficulty of accounting for the mechanism of their production, as for 
"instance a large number of ophthalmias, of orchitis, of coryza, which depend on a 
" reflex hypersomia ; and, on the other hand, dependent on a reflex anssmia^ as, for 
"instance, certain cases of amaurosis, paralyses, paraplegias, etc." 

" A third class comprises those reflex actions whose centripetal action is seated in 
"the nerves of the sympathetic (obtuse sensibility, called organic in. the viscera), and 
" whose centrifugal course is that of the cerebro-spinal motor nerves (vital relations) ; 
" most of these phenomena belong to pathology ; of this class are convulsions, which 
"may be caused by visceral irritations produced by intestinal worms, reflex eclampsia^ 
" hysteria eta ; as a normal phenomenon of this kind, the respiratory reflex action 
" may be cited, for the impression that the pulmonary surface sends to the bulb is 
" transmitted by the pneumogastric ; which, under favorable circumstances, is brought 
"into relation with the nerves of the great sympathetic, or, at least, forms a physio- 
" logical passage between the branches of the great sympathetic and those of the 
" cerebro-spinsd system." 

" Finally, a fourth and last class can be formed of reflex actions whose ways of oen- 
" tripetal as well as centrifugal conduction ai'e found in the filaments of the great sym- 
" pathetic ; we shall have to examine at another time whether the central action for this 
" class is located in the masses of gray matter of the cerebro-spinal system, or in those 
"of the ganglions of the sympathetic chain; of this class are the obscure reflex 
" actions and those which preside over the secretions of the various intestinal fluids 
" that are still difficult of correct analysis ; also those which can partially explain to 
" us the sympathies that unite the various phenomena of the genital functions, espe- 
" cially in the female ; also the dilatation of the pupils from the presence of intestinal 
"worms in the digestive tract; and numerous reflex pathological actions analogou 
« to those already sp^BAEenoL** - (Translated by Sobbax AkobTi 2tD.| 187&i) 
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FUBTHSB BEMARKB on WEBXB'B VIEWS on the GXNITAL DU0T8. 



(A NOTB to page IfiS). 



In ihifl yiew, we have, opening into the female atrium, both the urethra & the Tagina, 
and, through the ragins h its oontinuation, the utema, both USler'a duota (Fallopian 
tubes)' and the Wolffian duots (Gaertner'a canals) ; and so also we have, in the male, 
both the urethra (the urethra proper) and the yesioula proetatioa, and through the 
vesioula prostatic^ both Miller's ducts ft the Wolffian duota, opening into what oorre- 
sponds to the female atrium. And it may be remarked that this remains tme whether 
we aooept the older or the more modem view of the origin & homologies of the male 
excretory ducts, whether, in other terms, we oonaider these duots as differoDtiated 
HUllerian duots, or as differentiated Wolffian ducts. 

This yiew weakens slightly, but only very shgkifyt ^^^ fiurdy as for as it ishasedupon 
honwhgUSi the view that, while the Fallopian tubes are diiferentiated HflUerian ducts, 
the vasa deferentia are diflCorentiated Wolfflau du ts. It weakens it in this way, namely, 
through abandoning the assertion that the oomna cl the uterus are the continuation of 
the M€llerian ducts, and thus leaving open to physiologists the double alternative of con- 
sidering the ducts (if any) which open into the oomua the vesioula proatatioa, either 
as Hiillerian duots or as Wolffian duots, and of considering the duots whidh open into 
the sides of the vagina ((Jaertner's canals) and the ducts which open into the aides of 
the vesioula (vasa deferentia) either as Wolffian duots or as HQUerian duots. Bnt^ even 
if arguing only from the relative position of the openings of these two latter duots into 
the male ft female passages respectively (Y. Genital cord), we are bound to consider 
Gaertner's canals as Wolffian duots and the Fallopian tubes as UfiUerian duots, and 
therefore to consider the ducts (if any) which open into the oomua of the vesioula as 
lifUlerian duots, and the vasa deferentia, whibh open into the sides of the tssSobIs^ as 
Wdlfflaa duots I that la to say to adopt the mora modem view. 
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